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ANY articles have been published 
on venous thrombosis and _ pul- 
monary embolism, but the ap- 
proach has been intuitive rather 

than scientific. A search of the literature re- 
veals that few have been concerned with the 
primary pathology, as determined by venous 
dissection, except Rossle, Neumann, and more 
recently Hunter and associates. If the nature 
of the condition is not understood, then it is 
hardly likely that our diagnosis and treatment 
will be either sound or successful. 

Pulmonary embolism is an important fac- 
tor in postoperative deaths. Over the years, 
deaths after operation due to shock, hemor- 
rhage, sepsis, dehydration, and chemical im- 
balance have been decreased, but not those 
due to pulmonary emboli. Actually, Allen and 
Donaldson, report that the percentage of post- 
operative deaths from pulmonary embolism is 
higher than it was 10 years ago. Donaldson 
(11) states that at the Massachusetts General 
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Hospital in 1946 approximately 1 death from 
pulmonary embolism followed every 1,000 op- 
erations. After gastrectomy, pulmonary em- 
bolism accounts for 25 per cent of deaths. 
Weir found that in 14 deaths following 1,771 
cases of hysterectomy, 4 were due to a pul- 
monary embolus. Robertson reports a survey 
of 2,227,000 operative cases in which 27 (or 1 
in 800) died of pulmonary embolism. Belt 
found pulmonary emboli in 14.6 per cent in 
his series of 1,094 autopsies. Barnes states 
that 34,000 people die annually in the United 
States of pulmonary embolism. 

The incidence of venous thrombosis, with 
or without embolism, is hard to assess. Barker 
and associates report a survey of 158,200 sur- 
gical, gynecological, and medical cases at the 
Mayo Clinic. They found that 0.95 per cent 
had venous thrombosis, 0.57 per cent devel- 
oped pulmonary emboli, and 0.22 per cent 
fatal pulmonary erfibali. Rossle demonstrated 
thrombi in the veins of the calf muscles in 27.1 
per cent of his autopsies. 

It is well realized that clinical observations 
do not allow one, with any degree of cer- 





Fig. 2. A case of multiple venous thrombi. The lower 
one is lying in a valve pocket at the upper end of the super- 
ficial femoral vein. The middle’ one on the left is lying in 
the proximal end of the profunda femoris vein, while the 
upper thrombus is lying in the common femoral vein at the 
junction of the long saphenous vein. 

Fig. 3. A thrombus arising in a valve pocket at the up- 
per end of the superficial femoral vein. The lines of Zahn 


are clearly seen. Postmortem clot is shown for comparison. 
Fig. 4. The open pulmonary artery is seen to be oc- 
cluded by a large embolus. Same case as in Figure 3. 
Fig. 5. This illustrates the combination of phlebothrom- 
bosis and thrombophlebitis in the opposite extremities. The 
inferior vena cava is shown at the top dividing into the 
right and left common iliac veins. The thrombophlebitis 
is the longer and more extensive thrombus. 
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tainty, to forecast those people who are likely 
to develop an embolus. Sulma reports 170 
cases of thromboembolic disease in which 20 
died. In 14 of the 20 who died, thromboem- 
bolic disease was not diagnosed during life. 
He feels that because of this failure in diagno- 
sis, we cannot depend on specific treatment, 
but rather must use a prophylactic attack. 
Felder reports 27 cases of pulmonary embol- 
ism. In 11 of these, pulmonary embolism was 
the first indication of venous thrombosis, and, 
in 10, the leg signs occurred the same day as 
the pulmonary embolus. In 78 per cent of his 
cases a pulmonary embolus occurred before 
treatment was instituted. Faxon (30) found 
that, in 128 cases of fatal pulmonary embol- 
ism, only 5.5 per cent had clinical evidence of 
peripheral vein involvement. 

The absence of signs of venous thrombosis 
in many cases of pulmonary embolism has 
caused considerable speculation on the pos- 
sibility that the occluding masses in the lungs 
are primary thrombi. So called primary 
pulmonary thrombosis is not new since 
Billings reported 16 cases in 1921 and Fowler 
6 cases in 1934. Boyd feels that a pulmonary 
embolus can be enlarged by secondary dep- 
osition. 

The site of the primary thrombus formation 
has been variously placed. Virchow, in 1846, 
originally advanced the idea that pulmonary 
emboli arose from thrombi in the femoral and 
pelvic veins. He felt that the emboli arose in 
the eddies on the central side of the large 
valves. Modern authors believe that the small 
veins in the calf are the common sites for the 
primary thrombus. They are quoting the 
work of Rossle, Neumann, Hunter and co- 
workers, and Frykhol Bauer from his 
phlebography investi concluded that 
thrombosis of the deep v@ins began practically 
always (98 per cent) in the calf veins. Bauer, 
Ochsner, and Hunter and coworkers consider 
that a thrombus does not arise in the femoral 
vein unless it is an extension from a thrombus 
in the posterior tibial veins. Wilson also feels 
that the majority of venous thrombi have 
their beginning in the deep veins of the leg 
and foot, and then extend to higher levels. 
Eisendorf considers that the thrombus arises 
in the veins of the calf and extends centrally 


by stages. Ingraham, in his limited dissection 
of the pelvic and femoral veins down as far 
as the saphenofemoral junction, found that 
the most frequent site of thrombus formation 
was in the common iliac and external iliac 
veins. 

Frykholm believes that intimal damage is 
the most important initiating factor in venous 
thrombosis. This damage may be the result 
of the vein being collapsed from pressure on 
the back of the calf while the patient is lying 
in bed. This collapse prevents the endothel- 
ium from obtaining nourishment from the cir- 
culating blood stream. 

Ochsner feels that one should differentiate 
between thrombophlebitis and phlebothrom- 
bosis. In thrombophlebitis the thrombus 
arises on the basis of inflammatory changes in 
the vein wall. Because of the inflammatory 
changes, the clot is firmly adherent and a pul- 
monary embolus is unlikely. In phlebothrom- 
bosis, on the other hand, the thrombus arises 
as a result of stasis and altered blood coagu- 
ability. This type of thrombus is loosely at- 
tached and embolism is very likely to occur. 
Ochsner varies his therapy partially on the 
basis of embolic potential. Veal and Hudson 
consider that intermediary forms are present 
so often that little is to be gained in separat- 
ing phlebothrombosis and thrombophlebitis. 
Likewise, Fine and Starr believe that it is 
dangerous to attempt to distinguish which 
type of thrombus is going to break off. Allen, 
Barker, and Hines (1) do not attempt any sep- 
aration of types, but include all under the 
term of thrombophlebitis. 

Allen and associates (2), Ochsner, Sullivan 
and Waske, and Wilson have favored super- 
ficial femoral vein interruption for the preven- 
tion or treatment of pulmonary embolism. 
Gordon Murray reports the treatment of 371 
cases of venous thrombosis by anticoagulants 
without a pulmonary embolus developing, 
and of 149 cases of pulmonary embolism with- 
out a death. Carlotti and associates report 
from the Massachusetts General Hospital that 
thrombus formation was found proximal to 
the site of venous ligation in-more than 50 per 
cent of a small group of medical patients with 
pulmonary emboli who were treated by liga- 
tion and later examined at autopsy. 
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Spitzer and associates attribute importance 
to the fact that in 79 autopsies on patients 
with portal cirrhosis, pulmonary embolism did 
not occur, although the incidence of venous 
thrombosis was the same as in other diseases. 


MATERIAL AND METHOD 


The material for the present study was ob- 
tained from routine autopsies on 100 un- 
selected male patients over the age of 40 years 
at Westminster Hospital, London, Canada, 
from January 1, 1949 to August 1, 1950. 

In addition to the routine autopsy, special 
attention was given to the lungs and to the 
veins of the lower extremities. The pulmon- 
ary arteries and their branches were carefully 
searched for pulmonary emboli using the 
“open book”? method recommended by Belt. 
All gross emboli were confirmed by micro- 
scopic examination and an attempt was made 
to compare their ages with those of the pri- 
mary thrombi in the leg veins. 

The veins were removed in continuity from 
the lower end of the inferior vena cava to the 
posterior tibial vein at the level of the internal 
malleolus (Fig. 1). The specimen included 
the common iliac vein, the external iliac vein, 
the internal iliac vein, the common femoral 
vein, the superficial femoral vein, the profunda 
femoris vein, the long and short saphenous 
veins, the medial and lateral circumflex femor- 
al veins, and the posterior tibial vein till all 
these vessels broke up into very small branch- 
es. The specimen in one piece was laid out 
flat, opened carefully with a fine pair of scis- 
sors, and inspected for thrombi and for other 
lesions. The opened veins were then stretched 
out on a piece of cardboard, and immersed in a 
tall cylinder of 10 per cent formalin. 

All suspected thrombi were sectioned and 
examined microscopically to prove their ante- 
mortem nature. When points of small incip- 
ient thrombosis were encountered, the throm- 
bosed segments were removed, im toto, and 
subjected to complete serial section. Seven 
such sections have been completed to date. 
Representative sections also were examined 
from six points on either side as follows: 

Block 1: The common femoral vein at a 
point 2.5 centimeters above the opening of the 
long saphenous vein. 
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Fig. 1. Schematic representation of the veins of the pel- 
vis and lower extremities. 








Block 2: The long saphenous vein flush 
with its entry into the common femoral. 

Block 3: The profunda femoris vein at a 
point 5 centimeters from its juncture with the 
common femoral vein. 

Block 4: The popliteal vein at a point 5 
centimeters above its point of bifurcation. 

Block 5: The posterior tibial vein at a point 
5 centimeters below its entrance into the pop- 
liteal vein. 


Block 6: The pe "igo! maximal sclerosis as 
determined by gro mination. 


All sections were cut at 5 microns’ thickness 
and were stained with hematoxylin and eosin. 
They were studied for the degree of sclerosis, 
the presence of inflammatory infiltration of 
the vein wall, vascularization of the thickened 
intima by small capillaries, atheromatous de- 
generation, and calcification of the thickened 
intimal layers, ulceration of atheromatous 
foci, and hemorrhage into the intima. Gross 
observations were made for the sites and the 
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Fig. 6. An embolus in the left upper lobe is indicated by 
the white arrow. This is the same patient as shown in 
Figure 5. 


number of thrombi, possible anatomical fac- 
tors that might contribute to stasis, variations 
in the course of venous drainage from the legs, 
the relative size of vessels which drain into 
the common femoral vein, and gross lesions in 
the vein wall. 


OBSERVATIONS 


One hundred complete dissections of the 
veins of the lower extremities and pelvis have 
been carried out. In each case, the age of the 
patient exceeded 4o years, the age distribu- 
tion of the series being shown in Table I. The 
incidence of thrombosis, and of embolism, is 
given in the same table, and it will be noted: 
(1) that 34 per cent of the cases had gross 
demonstrable venous thrombi; (2) that 56 per 
cent of the thrombi had resulted in pulmonary 


TABLE I.—AGE DISTRIBUTION SHOWING INCI- 
DENCE OF VENOUS THROMBOSIS AND PUL- 
MONARY EMBOLISM  : 











Cases with 
pulmonary 
embolism 
No. Per cent | No. Per cent 


Cases with 
venous 


Number of thrombosis 


cases studied 











over 80 














Fig. 7, An example of thrombophlebitis which pro- 
duced a pulmonary embolus. The free floating central 
head is lying in the common femoral vein just at the point 
of entrance of the long saphenous vein. 


embolism; (3) that venous thrombosis in this 
small series was as frequent in the younger 
individuals as in the elderly ones. 

In each case with a pulmonary embolus a 
gross thrombus was demonstrated in the veins 
of the pelvis or lower extremities. The ante- 
mortem formation of these thrombi was con- 
firmed by subsequent microscopic studies. 

The multiplicity of venous thrombi in the 
positive cases was impressive (Fig. 2, frontis- 
piece). In 19 of the 34 cases more than one 
thrombus was encountered, and in 15 in- 
stances, they were bilateral. Of the 19 uni- 
lateral cases, 14 were on the left side, while 
only 5 were on the right side (Table II). By 
actual count, the 34 cases of venous throm- 
bosis showed 76 distinct thrombotic masses. 
Another striking feature was that many of the 
thrombi had their origin in valve pockets 
(Fig. 3, frontispiece), and again by actual 
count, 23 of the 76 individual masses arose in 
this manner. Figure 4 (frontispiece) shows a 
pulmonary embolus in the same case as Fig- 
ure 3. 
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Fig. 8. The white arrows point out multiple bilateral 
pulmonary emboli lying in the open pulmonary artery. 


The sites of thrombus deposition in the 34 
cases were: pelvic vein only, 2; thigh and pel- 
vic veins, 1; thigh veins only, 17; thigh and 
leg veins, 10; leg veins only, 4. When the 76 
individual thrombi in the 34 positive cases 
were studied, the following distribution of 
lesions was obtained: pelvic veins, 6; thigh 
veins, 49; leg veins, 21. From these findings 
it is obvious that the large veins in the thigh 
are the most common site for thrombosis. 

Because of the interest in superficial femor- 
al vein ligation as either a prophylactic or 
therapeutic measure against pulmonary em- 
bolism, the number of thrombi which origi- 
nated above and below this site of operative 
interference was assessed, as follows: (a) 
thrombi arising above usual site of surgical 
ligation, 37; (b) thrombi arising below usual 
site of surgical ligation, 39. In the 34 cases of 
venous thrombosis, superficial femoral vein 
ligation would not have prevented pulmonary 
embolism in 21. 

In the 34 cases of venous thrombosis there 
were 5 cases which satisfied the requirements 
for a clinical diagnosis of thrombophlebitis. 
In each the affected limb was swollen, the oc- 
cluding thrombus was firmly attached to the 
vein wall, the vein wall was grossly thickened, 
and on microscopic examination it was ede- 
matous and infiltrated by numbers of inflam- 
matory cells, either polymorphonuclear leu- 
cocytes or lymphocytes. In some of these 5 
cases, it was impossible to determine whether 
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EMBOLISM 


Fig. 9. Pulmonary infarction after pulmonary embolism 
in heart disease. The arrows show the emboli. 


the inflammatory condition was of primary or 
secondary importance. Three of these 5 cases 
had an associated bland thrombus in the op- 
posite leg (Fig. 5, frontispiece). In our 5 cases 
of thrombophlebitis a pulmonary embolus was 
found in 4 of them (Fig. 6). Two of these em- 
boli were found in cases associated with a 
bland thrombus in the opposite leg, while 2 
came from cases of ‘“‘pure’’ thrombophlebitis 
(Fig. 7). 

One case of pulmonary embolism in this 
series occurred in association with portal 
cirrhosis. This observation is contrary to that 
reported by Spitzer and associates. 

Eight of the pulmonary emboli were single 
while in 6 cases they were multiple (Fig. 8). 
The right lower lobe was the most common 
site for embolic lodgement. Eight of the 19 
emboli produced pulmonary infarction, and 7 
of these cases had associated heart disease 
(Figs. 9, 10). 

Additional findings of anatomical and sur- 
gical interest were: In 10 cases, or 10 per cent 
of the series of 100 dissections, the main ve- 
nous pathway from the leg was via the pro- 
funda femoris vein (Fig. 11). The fibrous 


TABLE II.—CASES OF GROSS VENOUS 
THROMBOSIS 


Total number of cases 

Cases where thrombi multiple 

Cases where thrombi bilateral 

Unilateral cases—left side 
right side 
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Fig. 10. 

Fig. 10. A thrombus lying in the right common iliac 

vein, just before its junction with the left common iliac 

vein to form the interior vena cava. These are the veins 
from the same case as in Figure 9. 

Fig. 11. This shows the profunda femoris vein to be the 

main connection with the popliteal vein. It contains a 


band of origin of the soleus muscle appears to 
be a distinct constricting force on the vessels 
returning from the calf (Fig. 12). When it is 
divided it gapes over 1 centimeter. The in- 
guinal ligament would appear to be another 
sharp restraining band, but careful dissections 
at autopsy have not established that it presses 
on the vein either when the thigh is flexed on 
the trunk or when the trunk is flexed on the 
thigh. These movements have been carried 
out with the finger placed under the inguinal 
ligament after a minimum of dissection. 


DISCUSSION 


Many of the observations in this study tend 
to confirm those which have been made by 
other workers and reported previously in the 
literature. The only points which will be dis- 
cussed, here, are those which diverge from the 
opinions expressed in the literature or which 
do not appear to have been described prev- 
iously. 

Because every individual with pulmonary 
embolism in this series showed a thrombus in 
the veins of the lower extremity, and because 


Fig. 11. 
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thrombus which produced the pulmonary embolism shown 
in Figure 8. The superficial femoral vein is the smaller vein 
forming the loop. 

Fig. 12. A thrombus lying in the belly of the soleus 
muscle just distal to the fibrous band or origin of this 
muscle. 


the emboli were obviously derived from these 
sources, it is highly questionable if the disease 
process of so called primary pulmonary throm- 
bosis (8, 15) exists. One suspects that a diag- 
nosis of primary pulmonary thrombosis is 
often made as a result of inadequate examina- 
tion of possible sources of emboli. At the 
same time, it is reasonable to assume that an 
embolus, once lodged in the pulmonary arter- 
ies, might increase in size by the gradual lay- 
ing down upon it of secondary thrombotic 
material (9). 

One of the most impressive findings in the 
present series was that 73 per cent of the 
venous thrombi arose in the large veins of the 
thigh and pelvis, and not in the small veins of 
the calf and foot as reported by others (6, 12, 
16, 17, 20, 21, 23, 31). The statement that 
thrombi do not occur in the superficial femoral 
vein unless they are an extension of a primary 
process in the posterior tibial veins, is also ob- 
viously wrong. Indeed, from a perusal of the 
literature, one must conclude either that very 
few complete venous dissections have been 
carried out in the past, or that the findings in 
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the present series are peculiar to elderly veter- 
ans in Westminster Hospital. In any event, 
the frequency with which the thigh veins are 
affected may explain why so many cases of 
venous thrombosis are not diagnosed clinic- 
ally (26). There is an urgent need for a clinical 
test which will detect these thrombotic form- 
ations. Perhaps a modification of Homan’s 
test applied to the thigh might prove useful. 

Superficial femoral vein ligation does not 
appear to be basically sound either as a pro- 
phylactic or as a therapeutic measure against 
pulmonary embolism. It is ineffective, to a 
degree, because a large proportion of venous 
thrombi appear to arise above the usual site of 
ligation. A large percentage of these thrombi 
could not have been removed by suction from 
below. Furthermore, such ligation is useless 
in cases where the main drainage pathway 
from the calf is by the profunda femoris vein 
rather than by the superficial femoral vein. 
This occurred in 1o per cent of the present 
series. In addition, one cannot ignore the 
possibility of a secondary thrombus forming 
proximal to the point of ligation (10), although 
the opportunity to study this point has not 
presented itself in the present series. If such a 
secondary thrombus did form, it could readily 
produce an embolus per se. Finally, vein liga- 
tion does not guard against extension of an 
embolus after it has reached the lung (9), 
whereas there is reason to believe that anti- 
coagulant therapy would have this further 
beneficial effect. 

The fallacy of the belief in the security 
against pulmonary embolism in cases of 
thrombophlebitis (21), has been well demon- 
strated in this study. An embolus may arise 
from either the free floating central head, 
which has been a common feature in this ser- 
ies, or from the frequently associated bland 
thrombus in the opposite extremity. It is felt 
that the clinical differentiation of phlebo- 
thrombesis from thrombophlebitis on the 
basis of embolic potential is not only valueless, 
but dangerous. 

Finally, this study has failed to throw much 
light on the problem of the etiology of venous 
thrombosis. However, a negative finding of 
some importance has been made. The failure 
to demonstrate, by serial section, a lesion in 
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the vein wall (16) at the point of initiation of 
seven small incipient thrombi suggests that 
the disease is initiated by more general causes. 
A detailed report on our findings in this 
respect, and on other observations of a patho- 
logical nature, will be made at a later date. 


SUMMARY 


1. One hundred complete dissections of the 
veins of the pelvis and lower extremities, have 
been carried out. 

2. Thirty-four per cent of the cases had 
gross demonstrable venous thrombi. 

3. Fifty-six per cent of these cases pro- 
duced a pulmonary embolus (19 per cent of 
the total series). 

4. The incidence of thrombosis was the 
same for various decades. 

5. Seventy-three per cent of the thrombi 
arose in the thigh and pelvic veins. A clinical 
test which may help in the detection of throm- 
bi in this area is urgently needed. 

6. Thirty-one per cent of the thrombi arose 
in direct relation to a valve pocket. 

7. The diagnosis of primary pulmonary 
thrombosis, as a disease entity, is unwar- 
ranted. 

8. Surgical ligation of the superficial femor- 
al veins, either prophylactically or therapeu- 
tically in pulmonary embolism, does not ap- 
pear to be basically sound. 

g. The separation of thrombophlebitis and 
phlebothrombosis because of a supposed dif- 
ference in an embolic potential is not war- 
ranted. 

10. Serial section studies have failed, to 
date, to show any underlying intimal changes 
which would act as a precipitating factor in 
thrombus formation. 
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A STUDY OF THE EFFECT OF VAGOTOMY ON 
EXPERIMENTAL PANCREATITIS 
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ROBERT S. McCLEERY, M.D., F.A.C.S., Nashville, Tennessee 


NTEREST in recurrent acute pancrea- 
titis was aroused by several patients who 
had a number of such attacks and sought 
care at this hospital during acute epi- 

sodes. These people had, in general, suffered 
with acute attacks of upper abdominal pain 
many times, and had had a variety of diag- 
noses, conservative therapeutic trials, and 
operations which proved ineffectual. Almost 
all of them also exhibited psychic and emo- 
tional difficulties. Since the vagus nerves are 
known to exert a stimulatory effect on the 
activity of the pancreas, this study was under- 
taken for the purpose of investigating vago- 
tomy as a possible method of treatment of 
recurrent acute pancreatitis. 

The “common channel” and bile reflux 
theory, which is at present championed by 
Doubilet and Mulholland, resulted from the 
work of Opie and Archibald. On the basis of 
this theory, the former have recommended 
section of the sphincter of Oddi as the treat- 
ment of choice for this disease. There is some 
doubt as to the exclusive nature of this etio- 
logical mechanism, since not all people with 
pancreatitis have a common channel, and 
conversely, not all people with a common 
channel develop pancreatitis. Doubilet and 


Mulholland themselves are unable to explain’ 


why bile enters the pancreatic duct against 
the secretory pressure of the pancreas since 
under the stimulus of ingested food, bile pres- 
sure and pancreatic pressure are the same (7). 
Also against the common channel theory as 
the only etiological factor was Boyden’s dem- 
onstration that the circular muscle in the 
sphincter of Oddi is common to the pancreatic 
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and common bile duct. Thus spasm of the 
sphincter could spread to these two ducts, 
thereby shutting off any communication be- 
tween them. 

Wangensteen, Leven, and Manson con- 
cluded that two factors were necessary to 
produce pancreatitis, namely, obstruction to 
the ducts in association with an actively 
secreting gland. More recently Lium and 
Maddock also reached this conclusion. 

If an actively secreting gland is necessary 
for the production of pancreatitis, one must 
think for a moment about the several factors 
that govern the secretory activity of the pan- 
creas. Bayliss and Starling (2) developed the 
hormonal (secretin) theory that is now an 
accepted fact. Autonomic nervous control of 
the pancreatic secretory activity has been 
widely investigated and the statement made 
by Carlson concerning innervation of the 
stomach is apropos here also; i.e., ‘visceral 
nerves are complex association paths connect- 
ing cerebrospinal and visceral reflex centers 
rather than relatively simple nerves like the 
skeletal efferents.”” Mellanby observed that 
vagal stimulation produced a scanty secretion 
which was thick and rich in enzymes, whereas 
secretin stimulation of the pancreas resulted in 
a larger volume of watery secretion, largely 
containing inorganic constituents. Thomas 
and Crider (16) observed that the presence of 
peptones and hydrochloric acid in the upper 
intestinal tract caused pancreatic secretion 
similar to that produced by parasympathetic 
stimulation, and concluded that this type of 
pancreatic stimulation must act through a 
nervous mechanism, presumably the vagus. 
This theory was based on the fact that vagus 
section resulted in the complete abolishment of 
the pancreatic secretory response to peptones 


. and hydrochloric acid for a period of approxi- 
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mately 36 hours. Later, however, this nerve 
section had less effect on the response of the 
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Fig. 1. Usual arrangement of pancreatic ducts in the dog. 
A, Accessory duct, B, main duct entering common bile 
duct, C, tributary, divided in early methods. 


pancreas to these intestinal stimuli (17). The 
permanent effect on the pancreatic secretion 
was a diminution of the nitrogen content of 
the juice by approximately one-half. Thomas 
and Crider further concluded that the nervous 
regulation of the pancreatic function must be 
mediated through a peripheral reflex mech- 


anism, which in addition to impulses initiated 
locally, receives impulses from the central 
nervous system by the way of the vagus 
nerves. Routley and associates also believed 
that the role of vagus control of pancreatic 
secretion was that of a tonus mechanism 
serving to augment or inhibit local reflexes. 
Since production of pancreatitis is depend- 
ent on ductal obstruction as well as active 
secretion, the factors resulting in obstruction 
should be considered. While Bockus states: 
“The weight of opinion in the controversy as 
to whether one or the other systems (sympa- 
thetic or parasympathetic) carries inhibitory 
or motor impulses still favors a dual mechan- 
ism for each set,” there is evidence supporting 
the view that vagal stimulation can result in 
spasm. Von Anrep observed that vagal stim- 
ulation initially caused an increase in the size 
of the pancreas, without passage of external 
secretion, and that later the juice began to 
flow. He interpreted this lag of secretion as 
due to spasm of the pancreatic ducts, as a 
result of vagus stimulation. Wener, Simon, 


and Hoff produced pancreatitis in dogs by 
daily injection of a parasympathomimetic 
drug (mecholyl). They postulated that this 
might be due to ductal spasm associated with 
increased enzymatic production. 

Emotional stimuli, mediated through the 
vagi, can alter the activity of the pancreas and 
the patency of the ductal outlets. Pavlov (2) 
noted by his sham feeding methods that pan- 
creatic secretion had a psychic element and 
that the activity of the gland cells was in- 
creased by vagal impulses. Routley and asso- 
ciates observed that vagotomy resulted in a 
diminished output of enzymes in response to 
psychic and hypoglycemic stimulation. Dou- 
bilet and Mulholland recorded a marked in- 
crease of sphincter tone as a result of pain and 
emotional upset. This change was reversed 
when the patient was reassured. 


METHOD AND RESULTS 


With this background of the physiology of 
the pancreas, we endeavored to produce pan- 
creatitis in the dog to see if vagotomy would 
alter the resultant damage to the pancreas. 
Daily serum amylase determinations by the 
Somogyi method were also done. Though the 
interest was in recurrent acute pancreatitis, 
we were unable to produce recurring attacks 
from which the dog could recover. It was 
decided to produce the disease as had pre- 
viously been described by Lium and Maddock 
by ligating the pancreatic ducts, and stimu- 
lating the gland by feedings of ordinary 
kennel rations, supplemented by tube feed- 
ings of evaporated milk. Two hundred cubic 
centimeters of evaporated milk was given by 
tube three times daily throughout the course 
of the experiment. This feeding would result 
in a pancreatic secretion, high in enzymes, 
similar to that produced by vagal stimulation 
(16). It was felt that although an irreversible 
process would be initiated by ligating the 
ducts, the resulting alterations in the pancreas 
would be the same as those seen in a single 
attack of pancreatitis. A subdiaphragmatic 
vagotomy was done by excising all vagal 
fibers found on the esophagus as it emerged 
through the diaphragm. ., 

In the preliminary stages of the experiment, 
several modifications in the details were car- 
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Fig. 2. a, left, Normal pancreas. Note intact acini and 
narrow interlobular space. X60. b, Long term study 


ried out before a final method was evolved. 
For example, in the dog there are usually two 
pancreatic ducts (Fig. 1)—the large accessory 
duct empties into the duodenum 2 to 3 centi- 
meters caudad to the common bile duct. The 
main duct is very small and opens into the 
duodenum along with the bile duct (5). With- 
in the pancreas the ducts communicate with 
each other (9, 14). Occasionally, one or more 
additional independent ducts may be present 
between the two ducts described. Since re- 
sults would not be comparable unless the de- 
gree of obstruction was identical in all dogs, 
an attempt was made to “‘purify” the experi- 
ment by dividing the pancreas at a prelimi- 
nary operation. This division was done just 
superior to the opening of the accessory duct, 
any ducts encountered in the parenchyma 
(Fig. 1, C) being ligated to prevent any reflux 
of bile or passage of pancreatic secretion 
around the obstruction at A. Later, however, 
it was decided that the additional trauma to 
the pancreas made this procedure undesirable. 
Therefore, the final method was to ligate the 
two pancreatic ducts (Fig. 1 A and B), with 
as little dissection as possible, and to leave the 
common bile duct unobstructed. If, at autop- 
sy, extra ducts were found, the animal was 
not included in the study. 


EFFECT OF VAGOTOMY ON PANCREATITIS 


(30 days). Note marked destruction of lobule and dense 
fibrosis. X60. 


At first the vagotomy was performed simul- 
taneously with the duct ligation. This was 
later changed so that vagotomy was done at 
a preliminary operation to allow time for vagus 
degeneration. In the preliminary study, vari- 
ous periods of survival from the time of duct 
ligation until autopsy were permitted, rang- 
ing from 10 to 30 days. 

A total of 14 control and 19 vagotomized 
dogs were studied in this preliminary stage, by 
6 modifications of method: (1) simultaneous 
vagotomy and duct ligation—10 day survival; 
(2) preliminary vagotomy and gland division, 
5 days before duct ligation—1o day survival 
after duct ligation; (3) preliminary vagotomy 
and gland division, 5 days before duct ligation 
—21 day survival after duct ligation; (4) 
preliminary vagotomy and gland division, 5 
days before duct ligation—30 day survival 
after duct ligation; (5) preliminary vagotomy, 
3 weeks before duct ligation—1o0 day survival 
after duct ligation; (6) preliminary vagotomy, 
3 weeks before duct ligation—21 day survival 
after duct ligation. All of these dogs had 
biopsies of the pancreas 48 hours after duct 
ligation. At the time of sacrifice, tissue was 
removed from the tip of each lobe and from 
the region of the accessory duct for micro- 
scopic study. 
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Fig. 3. Response of serum amylase to experimental 
pancreatitis. The length of the vertical lines represents 
the standard error of the mean. 


The serum amylase values in all these dogs 
rose rapidly for approximately 4 days after 
duct ligation and then fell very slowly. In 
general, the elevation was less pronounced 
and less sustained in the vagotomized groups. 

Gross pathology at the time of autopsy re- 
vealed less edema, fat necrosis, free peritoneal 
fluid, and parenchymal destruction in the ro 


day survival vagotomy group as compared 
to its control group. All glands exhibited 
marked fibrosis and atrophy without evidence 
of acute changes in the long (21-30 day) sur- 
vival groups. 

The microscopic changes were patchy, as 
previously described by Lium and Maddock. 
In the 48 hour biopsies and in the 10 day 
survival dogs, edema, interlobular infiltration 
of inflammatory cells, peripheral intralobular 
necrosis of the acini, fat necrosis, small areas 
of hemorrhage, and fibrosis were noted. Varia- 
tion in severity of the damage was noted 
among dogs in each group. However, these 
changes were more severe in the control than 
in the vagotomy group. In the long term sur- 
vival dogs both groups were identical, in that 
they showed only marked acinar destruction 
with fibrous tissue replacement (Fig. 2, b). 

As a result of this preliminary search for a 
method, it was decided to adopt one in which 
the accessory and main pancreatic ducts were 
ligated. This also precluded the possibility of 
bile reflux. No biopsy specimens were taken. 
Since by the method chosen the obstruction 
was irreversible, all animals were sacrificed 5 
days following duct ligation—the usual dura- 
tion of one attack of recurrent acute pancrea- 
titis. Pancreatic stimulation was accomplished 
by feeding, as described. Daily serum amy- 
lase determinations were done on all dogs. 
Vagotomy preceded duct ligation by 4 weeks 
in 8 of the 13 experimental dogs, while the 5 
others had simultaneous vagus section and 
duct ligation. It was interesting to find that 
the results were the same when vagotomy 
preceded ligation, by various intervals, as 
when the two procedures were performed si- 
multaneously. 


TABLE I.—MICROSCOPIC STUDY 
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Fig. 4. a, left, Control (5 days). Note marked acinar de- 
struction, hemorrhage, and portion of large abscess. X60. 


Eleven controls and 13 vagotomies are in- 
cluded in this phase of the study. As before, 
the amylase rise was more marked and sus- 
tained in the control animals as compared to 
those with vagotomies (Fig. 3). This differ- 
ence is statistically significant from the third 
day on, as indicated by the vertical lines ex- 
tending from each point—these represent the 
standard error of the mean. 

Analysis of the tissue microscopically was 
carried out independently by the three au- 
thors. The final compilation of this interpreta- 
tion is presented in Table I. Although varia- 
tion was present in the degree of destruction 
among animals in the same group, certain 
changes were present in some of the controls 
which were never seen in the vagotomized 
dogs. For example, the inflammatory cell in- 
filtration was always more marked in the con- 
trols, and a number of these dogs exhibited 
large abscesses (Fig. 4, a). Only rarely were 
even small abscesses seen in the vagotomized 
animals (Fig. 4, b). Hemorrhages were pres- 
ent frequently in the controls (Fig. 4, a), but 
rarely in the vagotomized animals. The de- 
gree of acinar necrosis was more difficult to 
evaluate, because of the patchy distribution 
(Fig. 5, a and b); however, this destruction 
was more marked in the controls. Fat necrosis 
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b, Vagotomy (5 days). Slight acinar necrosis, mild edema, 
tiny abscess formation. X60. 


was not always seen, because of the paucity of 
fat in the dogs’ pancreas, but it was more 
frequent and more severe in the controls. 


DISCUSSION 


Lium and Maddock noted experimentally 
that the edema, destruction of the acini par- 
ticularly at the periphery of the lobule, and 
inflammatory cell infiltration with patchy 
areas of hemorrhage are the same changes as 
seen in acute pancreatitis in humans. In the 
present study the method of Lium and Mad- 
dock was repeated. Some variation occurred 
in the degree of pancreatitis among animals in 
each group. We have observed a marked dif- 
ference between our two groups in that the 
pancreatitis and serum amylase response 
thereto, was less marked in those dogs with 
section of the vagus nerves. 

In addition to the formation of secretin, 
digestion products also stimulate the forma- 
tion of an enzyme-rich pancreatic secretion, 
identical to that produced by vagus stimula- 
tion (11, 16). The latter results from the 
presence of peptones and hydrochloric acid in 
the intestine. Furthermore, the enzyme con- 
tent of the secretion caused by this type of 
stimulation is permanently diminished by va- 
gotomy (17). Since the two groups received 
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Fig. 5. a, left, Control (5 days). Marked destruction 
of acini. X60. b, Vagotomy (5 days). Despite presence of 


the same pancreatic stimulation by feedings, 
the secretin effect was similar in both. More- 
over, Popper and associates were unable to 
produce pancreatitis in dogs by intravenous 
secretin stimulation alone, even though the 
pancreatic ducts were ligated. It would seem, 
therefore, that the benefits of vagotomy must 
have been due to the attendant decreased 
secretory response of the pancreas, since the 
degree of obstruction was identical in both 
groups. 

Since psychic stimulation, mediated 
through the vagus, results in a similar secre- 
tory activity to that produced experimentally 
in this study (2, 15), section of the vagi should 
prevent pancreatic damage from this source. 
That cerebral impulses, mediated through the 
vagus, may play an important role in the 
etiology of pancreatitis is further suggested 
when one considers that these patients often 
fall into certain personality types; i.e., the 
severe psychoneurotic, the alcoholic, and the 
anxious individual, overwhelmed by his en- 
vironment. The increased pancreatic secre- 
tion, resulting from psychic stimulation could 
result, especially in the presence of spasm of 
the pancreatic duct or sphincter of Oddi, i 
the pathologic picture seen in acute pancrea- 
titis. Since separation of the pancreas from 


considerable interlobular edema, acinar necrosis is mini- 
mal. X60. 


cerebral control, by vagotomy, results in no 
change in the function carried out by the local 
reflexes, one would expect no serious impair- 
ment of physiologic pancreatic function (15). 
The pancreas would go on functioning smooth- 
ly, independent of the distractions caused by 
higher nerve centers. This would seem to be 
a more “physiologic” method of attacking the 
problem than sphincterotomy, thoracolumbar 
sympathectomy, gastric resection, or pan- 
createctomy. 


CONCLUSIONS 


1. The beneficial effects of vagotomy on 
experimental pancreatitis were manifested by 
a statistically significant decrease in the serum 
amylase elevation and in the damage to the 
pancreas. 

2. Itis believed that the clinical application 
of vagotomy to the treatment of recurrent 
acute pancreatitis is warranted. 
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TENDON SHEATH PATTERNS IN THE HAND 


An Anatomical Study Based on 367 Hand Dissections 


E. W. SCHELDRUP, 


HE generally accepted pattern of the 

flexor tendon sheaths and palmar 

bursas of the human hand conforms 

with the anatomical description of 
these structures by Poirier. Due credit, how- 
ever, must be given to the earlier works of 
Gosselin and of Schwartz, for it is to the im- 
portant anatomical contributions of these 
authors that we owe our fundamental con- 
cepts concerning the synovial sheaths of the 
hand. 

The most common pattern of the digital 
flexor tendon sheaths and palmar bursas is 
well known to all (Fig. 1). It exhibits con- 
tinuity of the flexor tendon sheath of the 
thumb with the radial bursa and of the flexor 
tendon sheath of the little finger with the ulnar 
bursa but lack of such continuity of the flexor 
tendon sheaths of the index, middle, and ring 
fingers with the ulnar bursa. It also exhibits, 
in the great majority of instances, communi- 
cation between the radial and ulnar bursas 
at some point where they lie in contact with 
each other (vide infra). A few variations from 
this pattern have been described with respect 
to the tendon sheaths of the thumb and little 
finger (13). 

Little attention, however, has been paid to 
possible variations of the digitopalmar sheaths 
of the three middle fingers, especially with 
respect to continuity of these sheaths with 
the ulnar bursa. On the contrary, such con- 
tinuity is emphatically denied and is said 
never to exist (14). This opinion is based on 
the study of but 20 dissected hands. There 
have been a few reports of continuity between 
the sheath of the ring finger and the ulnar 
bursa (7, 11, 16). This is said to occur but 
rarely and again the opinion is based on the 
study of a limited number of specimens. A 
perusal of the literature reveals no single 
instance of a large scale report on variations 
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of the flexor tendon sheaths of the hand, 
especially with respect to the three middle 
fingers. This must be taken as an indication 
that the subject is considered to be a com- 
pletely solved one in spite of the fact that 
published clinical reports on tenosynovitis of- 
fer abundant examples of unusual and unan- 
ticipated complications which demand an 
anatomic explanation other than that pro- 
vided for by the ordinary concept of tendon 
sheath patterns in the hand. 

Several authors have reported their per- 
sonal clinical experiences with patients in 
whom tenosynovitis of the ring, middle, or 
index fingers has extended to involve the ulnar 
bursa rather than the deep fascial spaces of 
the hand (2, 3, 5, 8, 10, 11, 12). The most 
commonly invoked explanation for this com- 
plication is that the infection extends along 
lymphatic channels from the tendon sheath 
to the bursa (5, 12). Admittedly extension to 
the ulnar bursa via lymphatic channels may 
occur. This fails to explain, however, why it 
does not occur more uniformly in tenosyno- 
vitis of the three middle fingers. Deep fascial 
space infection is the more common compli- 
cation of tenosynovitis of these fingers (11). 
Moreover it fails to explain why the incidence 
of such ulnar bursal involvement is greatest 
from the ring finger, less from the middle 
finger, and least from the index finger (5)'. 
It would seem that all three fingers should be 
afforded equal opportunities in the extension 
of infection to the ulnar bursa via lymphatic 
channels. 

The possibility of spread by anatomic con- 
tinuity of these tendon sheaths with the bursa 
is, for the most part, ignored. Indeed, it is 
assumed that such continuity either never 

1This purely clinical observation was the first, and so far as 
the author is aware, the only one of its kind in the literature. 
Because anatomic teaching at the time, as indeed up to the 
present writing, denied communication with the ulnar bursa of 
all digital sheaths but that of the little finger, no anatomic ex- 


planation was possible. It is understandable, therefore, that 
lymphatic spread was invoked as an explanation. 
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Fig. 1. 


exists or is so extremely rare as not to be 
seriously considered. Such an assumption 
has, unfortunately, not been substantiated by 
an extensive anatomic study. 

Certain known clinical facts demand em- 
phasis at this point. 

1. Acute suppurative infections in the flexor 
tendon sheaths of the hand have long been 
known for their poor prognosis (8). 

2. The majority of tendon sheath infec- 
tions occur in the three middle fingers, the 
minority in the marginal fingers (thumb and 
little finger). In Grettve’s series of 202 cases 
of tenosynovitis, 135 (66.8 per cent) occurred 
in the three middle fingers and 67 (33.2 per 
cent) in the two marginal fingers (8). In 
Grinnell’s series of 125 cases 94 (75 per cent) 
occurred in the three middle fingers and 31 
(25 per cent) in the two marginal fingers (9). 

3. The end results are poorer in tenosyno- 
vitis of the three middle fingers than in the 
marginal fingers. Classifying his end results 
on the basis of good, defective but useful, and 
bad, and using the same operative method 
(K. G. Holm) in both series, Grettve’s figures 
are 42.8, 21.4, and 35.8 per cent respectively 
for the three middle fingers and 55.6, 38.9, 
and 5.5 per cent respectively for the marginal 
fingers and carpal bursas (8). Bad end results, 
according to this author, are seven times 


HAND 


greater in the three middle than in the margi- 
nal fingers. 

4. There are few fields of surgery where 
exact knowledge of local anatomy is so funda- 
mental for rational treatment as in tenosyno- 
vitis of the hand (8, 11). 

The factors influencing the eventual out- 
come of tenosynovitis of the hand in general 
and of the three middle fingers in particular 
are many and varied. In a region such as the 
hand, where knowledge of anatomy is such 
an important factor in proper rational ther- 
apy, it is to be anticipated that any additional 
anatomic information cannot help but serve 
in some small way toward the improvement 
of the over all end results. It is the purpose 
of the author to call attention to certain 
hitherto unpublished anatomic details of the 
tendon sheaths of the hand as derived from 
personal studies on 367 hand dissections. 
These studies make more explicable certain 
unusual and unanticipated complications re- 
ported in the literature cited. They will, it 
is hoped, serve the more useful function of 
making the surgeon more keenly aware of the 
fact that such complications are anatomically 
possible and are therefore to be anticipated. 
It is in the anticipation of an event that it is 
frequently possible for one to prevent its 
occurrence. 
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Fig. 3. 


MATERIAL AND METHODS 


Human adult cadavers embalmed in the 
customary manner for routine class dissection 
were used. Three hundred sixty-seven care- 
fully dissected specimens from a total of over 
500 hand dissections form the basis for this 


report. Every specimen was subjected to 
experiment and study by the author personally. 

The classical method of delineating and de- 
termining tendon sheath and bursa configura- 
tions and continuities consists of the injec- 
tion into these structures of masses of thick 
consistency under necessarily elevated pres- 
sures. This method proved highly unsatis- 
factory for the present investigation and 
could not be relied upon to give an accurate 
picture of the delicate anatomy involved. One 
could never be certain that false communica- 
tions were not produced. The unreliability of 
this method has been commented upon by 
another and is said to account for the fact 
that the usual figures given for the incidence 
of continuity between the tendon sheath of 
the little finger and the ulnar bursa are gen- 
erally too high (15). This method was there- 
fore abandoned in favor of the method of 
gentle air inflation. Air inflation has many 
advantages, chief of which is the small amount 
of pressure required. As a result the picture 
was not obscured by rupture of the tendon 
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sheaths or palmar bursas. The objection 
may be raised that air may penetrate the walls 
of a tendon sheath and bursa and pass from 
one to the other at some point where they lie 
in contact with each other, thus giving a false 
positive result though no actual communica- 
tion exists. An extensive experience with the 
method, however, offers abundant evidence 
that such penetration does not occur. The 
author has seen many instances in which a 
digital sheath, such as that of the middle 
finger for example, extended so far proximally 
into the palm that it actually overlapped the 
distal portion of the ulnar bursa yet no com- 
munication between the two existed. Air 
inflation of the digital sheath did not inflate 
the bursa nor did the reverse occur. If it 
were possible for air to penetrate the walls of 
the digital sheath and bursa this would be 
the ideal situation in which to have it occur. 
Moreover, if such penetration were possible, 
this method would elicit a 100 per cent inci- 
dence of communication between the radial 
and ulnar bursas yet it does not (vide infra). 
Finally, the typical pattern of the tendon 
sheaths on the dorsum of the wrist and hand 
can always be demonstrated by this method. 
This obviously could not be done were pene- 
tration of their walls to occur. As a result 
it may be safely stated that air under greatly 
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Fig. 5. 


reduced pressure will pass from digital tendon 


sheath to bursa or from bursa to bursa only 
if an actual anatomical communication exists. 
Where no communication exists these struc- 
tures can always be inflated independently 
of one another. 

The palmar bursas and digital tendon 
sheaths having been carefully exposed, a 20 
gauge hypodermic needle was inserted suc- 
cessively into the distal portion of each indi- 
vidual digital tendon sheath and the sheath 
inflated by air under greatly reduced pressure. 
Communication or noncommunication of each 
digital sheath with the ulnar bursa was de- 
termined by whether or not air from the 
former passed into and inflated the latter. The 
presence or absence of communication be- 
tween the radial and ulnar bursas was noted 
at this time. The reverse procedure was now 
performed. The ulnar bursa was inflated in 
the distal forearm and it was determined 
whether or not air passed into the digital 
tendon sheaths and radial bursa. Following 
the inflation studies a preliminary sketch was 
made of each specimen depicting the patterm 
exhibited. 


EXPERIMENTAL OBSERVATIONS 


On the basis of communication and non- 
communication of the digital flexor tendon 


Fig. 6. 


sheaths with the ulnar bursa, the 367 hands 
studied were found to be distributed in the 
following eight different groups or patterns. 


Group 1—262 specimens (71.39 per cent)—ex- 
hibited communication of the tendon sheath of the 
little finger and noncommunication of the tendon 
sheaths of the ring, middle, and index fingers with 
the ulnar bursa (Fig. 1). 

Group 2—64 specimens (17.44 per cent)—ex- 
hibited noncommunication of the tendon sheaths 
of the little, ring, middle, and index fingers with the 
ulnar bursa (Fig. 2). 

Group 3—13 specimens (3.5 per cent)—exhibited 
communication of the tendon sheaths of the little 
and index fingers and noncommunication of the 
tendon sheaths of the ring and middle fingers with 
the ulnar bursa (Fig. 3). 

Group 4—10 specimens (2.72 per cent)—ex- 
hibited communication of the tendon sheaths of 
the little and ring fingers and noncommunication 
of the tendon sheaths of the middle and index fingers 
with the ulnar bursa (Fig. 4). 

Group 5—9 specimens (2.45 per cent)—exhibited 
communication of the tendon’sheaths of the little 
and middle fingers and noncommunication of the 
tendon sheaths of the ring and index fingers with 
the ulnar bursa (Fig. 5). 

Group 6—3 specimens (0.82 per cent)—exhibited 
communication of the tendon sheath of the index 
finger and noncommunication of the tendon sheaths 
of the little, ring, and middle fingers with the ulnar 
bursa (Fig. 6). 

Group 7—3 specimens (0.82 per cent)—exhibited 
communication of the tendon sheath of the middle 
finger and noncommunication of the tendon sheaths 
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of the little, ring, and index fingers with the ulnar 
bursa (Fig. 7). 

Group 8—3 specimens (0.82 per cent) —exhibited 
communication of the tendon sheaths of the little, 
ring, middle, and index fingers with the ulnar bursa 
(Fig. 8). 


Three hundred twelve specimens (85 per 
cent) exhibited communication between the 
radial and ulnar bursas and 55 specimens (15 
per cent) did not exhibit such communication. 

The percentage incidence of communication 
of an individual tendon sheath with the ulnar 
bursa may be computed by adding together 
the percentages of the various groups in which 
such individual communication exists. As a 
result it will be seen that the tendon sheath 
of the little finger is in communication with 
the ulnar bursa in 80.8 per cent; that of the 
ring finger in 3.5 per cent; that of the middle 
finger in 4.0 per cent; and that of the index 
finger in 5.17 per cent of instances. 


CLINICAL OBSERVATIONS REPORTED 
IN THE LITERATURE 


A listing by author of the previously men- 
tioned clinical reports together with the total 
number of cases of tenosynovitis reported on 
when the figure is known is given in the fol- 
lowing. Figure numbers refer to figures in the 
present paper. It is seen how a more extensive 


knowledge of tendon sheath patterns in the 
hand provides an anatomical explanation for 
these unusual cases in every instance. 


Deicke— 200 cases: 

1. One case in which tenosynovitis of the index 
finger eventuated in a V-tenosynovitis! which latter 
ruptured into the forearm (Fig. 3). 

2. One case in which tenosynovitis of the middle 
finger eventuated in a V-tenosynovitis (Fig. 5). 

3. Two cases in which tenosynovitis of the middle 
finger spread to the radial bursa (Fig. 7). 
Drescher— 107 cases: 

1. One case in which tenosynovitis of the ring 
finger spread to the ulnar bursa and thence to the 
digital tendon sheath of the little finger (Fig. 4). 

2. One case in which tenosynovitis of the index 
finger spread to the radial bursa and thence to the 
digital tendon sheath of the thumb (Fig. 6). 

3. One case in which tenosynovitis of the middle 
finger spread to the ulnar bursa and thence to the 
digital tendon sheaths of the ring and little fingers 
(Fig. 8). 

Forssell—8g cases?: 


1V-tenosynovitis or V-phlegmon are the terms used by Euro- 
pean authors to denote infection in both radial and ulnar bursas 
with extension along the digital tendon sheaths of the thumb and 
little finger (Fig. 1). 

2Forssell’s classical papers should be consulted in the original. 
This is the only work on the subject known to the author which 
gives a detailed anatomicopathologic report of every individual 
case. A close scrutiny of these case reports reveals 5 additional 
instances in which tenosynovitis of digits other than the little 
finger or thumb extended to involve the ulnar bursa. Since they 
were not specifically commented upon in the main body of the 
papers as was the single case cited, they are not included in the 
present report. 
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1. One case in which tenosynovitis of the ring 
finger spread to the ulnar bursa and thence to the 
digital tendon sheath of the little finger and to the 
radial bursa and digital tendon sheath of the thumb 
(Fig. 4). 

Grettve— 202 cases: 

1. One case in which tenosynovitis of the index 
finger eventuated in a V-tenosynovitis (Fig. 3). 

2. One case in which tenosynovitis of the middle 
finger eventuated in a V-tenosynovitis (Fig. 5). 

3. Two cases in which tenosynovitis of the ring 
finger spread to the ulnar bursa (Fig. 4). 
Iselin—total number of cases unknown: 

1. Two cases in which tenosynovitis of the ring 
finger spread to the ulnar bursa (Fig. 4). 

2. One case in which ulnar bursal infection spread 
to the digital tendon sheath of the ring finger (Fig. 4). 
Kanavel—total number of cases unknown: 

One case in which tenosynovitis of the ring finger 
spread to the ulnar and radial bursas (Fig. 4). 
Keppler—127 cases: 

One case in which tenosynovitis of the middle 
finger spread to the ulnar bursa (Fig. 7 or 5). 


DISCUSSION AND SUMMARY 


The incidence and complications of acute 
suppurative tenosynovitis of the hand have 
decreased since the advent of antibiotic 
therapy. However, this serious infection is 
still encountered too frequently and has not 
been solved surgically (4). In a region such 
as the hand, where the diagnosis and surgical 
therapy of acute suppurative tenosynovitis 
is so uniquely an excursion in applied anato- 
my, it may be confidently expected that any 
additional information concerning the anato- 
my of the tendon sheaths and bursas cannot 
help but aid in the ultimate solution of this 
infection and its complications. 

The present study shows that anatomic 
communication exists between one or the 
other or a combination of the flexor tendon 
sheaths of the three middle fingers and the 
ulnar bursa in a significant percentage of 
hands. These findings refute the fallacy that 
such communications either never exist or 
are such an extreme rarity as to be considered 
an anatomical curiosity. The anatomical evi- 
dence presented receives corroboration from 
the clinic and several case reports are cited 
wherein tenosynovitis of one or the other of 
these three digits has extended proximally to 
involve the ulnar bursa. The classical text- 
book picture of the tendon sheath pattern of 
the hand, in which only the tendon sheath of 


the little finger is in continuity with the ulnar 
bursa while the tendon sheaths of the three 
middle fingers are not, should not be regarded 
as the only pattern exhibited. At least 7 
other patterns are herein shown to exist. These 
findings warrant a revision of our thoughts 
regarding the extension proximally of teno- 
synovitis of the three middle digits. It can 
no longer be assumed that proximal exten- 
tions from these three digits always pass to 
the deep fascial spaces of the palm and never 
pass to the ulnar bursa. Knowledge that the 
tendon sheaths of these digits may be in ana- 
tomic continuity with the ulnar bursa make 
it advisable to anticipate the possibility of a 
complicating ulnar bursal involvement in 
tenosynovitis of any one of these digits and be 
on a constant lookout for its occurrence. More- 
over should such ulnar bursal involvement 
ensue one should anticipate the possibility of 
retrograde spread into other digital tendon 
sheaths which may likewise be in anatomic 
continuity with the bursa in one of the several 
patterns shown to exist (see Cases 1 and 2 
of Deicke; Cases 1 and 3 of Drescher; Fors- 
sell’s case; Cases 1 and 2 of Grettve; and 
Case 2 of Iselin). It is also apparent that in 
primary infection of the ulnar bursa one 
should be as equally concerned with the possi- 
bility of retrograde spread into the tendon 
sheaths of the three middle digits as he is with 
spread to the radial bursa and tendon sheath 
of the little finger. 

Forssell’s clinical observation that the in- 
cidence of extension of tenosynovitis of the 
three middle fingers to the ulnar bursa is 
greatest from the ring, less from the middle, 
and least from the index fingers is just the 
reverse of what one would anticipate on the 
basis of the anatomic evidence presented. The 
incidence of communication of the tendon 
sheaths of these three digits with the ulnar 
bursa is observed to be greatest in the index, 
less in the middle, and least in the ring fingers. 
Such discrepancies between anatomical and 
clinical findings, however, are seen elsewhere 
in the hand. For example the radial and ulnar 
bursas communicate in 85 per cent of hands 
and one would anticipate that infection from 
one would spread to the other, regardless of 
which was first involved, with the same inci- 
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dence and with equal facility. This does not 
obtain clinically. Not only does the incidence 
of spread from one bursa to the other fall well 
below the anatomical incidence of communica- 
tion but such spread is unequal, extension to 
the ulnar bursa from the radial bursa occur- 
ring twice as frequently as the reverse (8). 
Another example is seen in the little finger. 
The tendon sheath of this finger communi- 
cates with the ulnar bursa in 80 per cent of 
hands yet the incidence of extension of teno- 
synovitis of this digit to the ulnar bursa is 
somewhat less than 50 per cent (8, 9). Clearly 
the mere presence of anatomic continuity be- 
tween tendon sheath and bursa or between 
bursa and bursa does not make extension from 
one to the other an inevitable consequence. 
While there are undoubtedly many nonana- 
tomical factors which may be invoked to 
explain such discrepancies, local anatomical 
details at the point of communication between 
tendon sheath and bursa or between bursa and 
bursa must play a significant role in deter- 
mining the eventual outcome. These details 
have been described for the communication 
between the tendon sheath of the little finger 
and the ulnar bursa (15). They afford an 


anatomical explanation for the discrepancy 
between the anatomical and clinical incidences 
of communication between these two struc- 


tures. It is to be anticipated that future 
work will elucidate the local anatomical de- 
tails at the point of communication between 
the radial and ulnar bursas and in those in- 
stances in which the tendon sheaths of the 
three middle fingers are in communication 
with the ulnar bursa and that an anatomical 
explanation will likewise be afforded for the 
discrepancies between the anatomical and 


clinical incidences of communication between 
these structures. 
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A PROCEDURE FOR TOTAL BIOPSY OF DOUBTFUL 
POLYPOID GROWTHS OF THE LOWEST 
LARGE BOWEL SEGMENT 


ROBERT T. CROWLEY, M.D., F.A.C.S., and DONALD A. DAVIS, M.D., F.A.CS., 
New York, New York 


ECAUSE of their actual or potentially 
malignant character (1, 3, 4) adequate 
removal is the indicated treatment for 
all polypoid growths of the large bowel 

(1, 2). Whether this removal can be accom- 
plished by conservative measures or will re- 
quire radical procedure depends upon the 
benign or malignant nature of the growth. A 
previously and positively established patho- 
logical diagnosis of the lesion is, therefore, the 
most critical factor concerned in deciding sur- 
gical management (1, 3). 

On account of ready accessibility, most 
singly occurring polypoid growths lying in the 
lowest 10 to 12 centimeter segment of the large 
bowel, between the anorectal margin and the 
line of peritoneal reflection, present relatively 
little diagnostic difficulty. There is, however, 
a small but significant number of singly occur- 
ring polypoid growths lying in this area that 
involves a particular diagnostic and conse- 
quent therapeutic problem. Such growths are 
for the most part sessile villiform adenomatous 
polypoid lesions whose gross characteristics 
suggest the possibility of malignancy but 
whose partial biopsy may be repeatedly be- 
nign(3, 5). In instances of this kind the true 
nature of the growth remains doubtful be- 
cause: 

1. The gross clinical characteristics of such 
lesions, while indicative, are not infallible 
signs of their actual character. The features of 
size, configuration, consistency, type of at- 
tachment, tendency to ulceration or hemor- 
rhage, while suggestive, are not absolute cri- 
teria (3, 4). 

2. Partial biopsy, which leaves a portion of 
the growth remaining im situ, is of distinctly 
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limited value in precisely determining the 
nature of the lesion. A partial biopsy which 
shows malignant change is, of course, defini- 
tive but a negative partial biopsy, even when 
repeated, may not be reliable and even be mis- 
leading. This is true because, in growths of 
this type, malignant degeneration may occur 
in any portion—body, stalk, or base—and at 
first be confined to a small area (3, 4, 5). It 
is thus possible to obtain wholly benign tissue 
repeatedly on partial biopsy because the small 
malignant area has been missed in the taken 
specimens. Further, even when the partial 
biopsy includes the malignant area, the 
method by which the tissue has been secured 
may render it unsuitable for conclusive micro- 
scopic examination (3, 5). This is prone to 
occur when the specimen is secured by electri- 
cal cutting or fulgurating instruments whose 
current coagulates the tissue elements. 

It is apparent from the foregoing considera- 
tions that, in a doubtful lesion of the type and 
location described, only total biopsy may suf- 
fice to resolve the question of its benign or 
malignant nature. This, it will be recalled, 
consists in the removal of the entire growth en 
bloc together with a wide surrounding margin 
of apparently normal tissue. Since the 
growths under discussion lie in the 10 to 12 
centimeter segment between the peritoneal re- 
flection and the anorectal margin, they are 
theoretically accessible for total biopsy by 
endoscopic technique. Practically, however, 
unless the growth is small and situated close 
to the anorectal margin, attempts at total 
biopsy by endoscopic methods are likely to be 
difficult even for the most experienced. For 
growths of the size and position usually en- 
countered, the procedure is more surely, safe- 
ly, and easily completed by open operation. 
One of several satisfactory operative tech- 
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Fig. 1. Illustration of the essential features of the described procedure. The growth 
has been arbitrarily represented as lying on the anterior bowel wall. Removal of the 
coccyx, at times expedient to facilitate exposure, does not alter the technique and has 


not been shown. 


niques may be selected for securing total! 
biopsy in this manner, but any operation 
selected should permit the following features: 
(1) removal of an adequate amount of tissue; 
(2) complete control of incidental hemorrhage; 
(3) secure closure of the defect created in the 
bowel wall; (4) minimal injury to sphincters 
and innervation; (5) subsequent more radical 
operation which may later be found necessary. 


TECHNIQUE OF OPERATION 


The following technique, somewhat similar 
to that described by Bevan has been employed 
by the authors and is herewith advanced as 
satisfying the above requirements and as pos- 


sessing in addition an advantage in simplicity 
of performance. It is to be emphasized at out- 
set, however, that application of this proce- 
dure is distinctly limited to the type of growth 
under discussion, namely, singly occurring 
lesions below the line of pelvic peritoneal re- 
flection. This limitation is obviously essential 
since doubtful growths above this point indi- 
cate transabdominal approach. 

With the patient in a position of prone 
hemiflexion and the buttocks well elevated, 
the latter are widely spread and secured by 
adhesive strips to expose the anococcygeal 
area lying between them (Fig. 1A). This site 
and a wide surrounding zone are prepared in 





CROWLEY, DAVIS: BIOPSY OF POLYPOID 


the usual manner by use of any antiseptic of 
the operator’s choice. The field is suitably 
draped and a midline incision is made extend- 
ing from the sacrococcygeal junction to the 
anal margin or just short of it (Fig. 1A). The 
incision is widened by retraction on either 
side and the dissection carried downward by 
blunt and sharp manipulations until the leva- 
tor muscles and their midline fusion are thor- 
oughly revealed (Fig. 1B). At this point the 
fibers of the extrinsic sphincter muscle are 
readily identified and avoided. If the growth 
is high lying, coccygectomy may be per- 
formed at this stage to allow adequate sub- 
sequent exposure but this in no way influences 
the future stages of the procedure. The fibers 
of the levator muscle are split in the direction 
of the line of their normal cleavage to expose 
the posterior wall of the bowel (Fig. 1C). 
Thereafter the bowel is sufficiently mobilized 
to permit ready manipulation. The bowel is 
then carefully palpated to detect the site of 
the lesion. When this has been determined, 
the bowel is opened longitudinally in that 
area after isolation of the field by protective 
draping. On occasion the mass may be difficult 
or impossible to palpate, in which event, the 
approximate location is estimated and the 
bowel incised in the same manner. The inte- 
rior of the lumen is subjected to full visual and 
palpatory exploration until the growth is pre- 
cisely localized (Fig. 1C). With the area thus 
defined, the entire growth and a wide sur- 
rounding margin are excised and the extir- 
pated bloc of tissue placed in the usual pre- 
servative (Fig. 1D). All bleeding points in the 
bowel are secured and tied. The defect 
created by the excision is closed transversely 
with an inner layer of No. ooo traumatic 
chromic suture placed in a continuous invert- 
ing stitch and a reinforcing outer layer of in- 
terrupted No. 30 cotton (Fig. 2 E, F, G). After 
completion of closure of the bowel a narrow 
gauge Penrose drain is placed on either side in 
the lateral spaces. The drains are brought 
through the aperture of the split levators and 
the latter are approximated in normal position 
over the posterior bowel wall (Fig. 2H) with 
No. ooo chromic interrupted sutures. The 
overlying layer of superficial fat and skin are 
closed with mattress sutures of No. oo silk 


GROWTHS OF BOWEL SEGMENT 25 


Fig. 2. Further illustration of the procedure and ap- 
pearance of the operative area upon completion. 


with the drains externalized at the lower angle 
of the wound. The ends of the drains are 
transfixed by safety pins (Fig. 21). An ordi- 
nary dry pressure dressing maintained in posi- 
tion by a T binder completes the procedure. 


COMMENT 


Preoperative and postoperative care varies 
little from that routinely employed in other 
types of large bowel surgery. For 48 hours 
preoperatively the patient is placed on a regi- 
men of low residue diet, repeated cleansing 
enemas, and indicated sulfone derivatives and 
antibiotics. Postoperatively the low residue 
diet, sulfone derivatives, and antibiotic agents 
are continued for at least 48 hours, but the 
enemas are omitted. Drains may be re- 
moved within a 48 hour period. The patient is 
immediately ambulated following operation 
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and sutures removed on the 6th or 7th post- 
operative day at which time the patient is 
ready for release. , 

In cases uncomplicated by coincident sys- 
temic disease factors such as diabetes, tuber- 
culosis, malnutritional states, the results are 
uniformly good. Local disease processes, for 
example, excoriation due to pruritis, anal 
fistula, and pilonidal sinus, may, if involving 
much tissue, present some contraindication to 
the performance of the procedure. However, 
if these are not extensive, they can usually be 
disregarded. The more frequent undesirable 
sequellae arising directly from the procedure 
itself are wound infection and fistula forma- 
tion. With reasonable attention to proper 
preparation, technique, and _ postoperative 
care, their incidence is minimal. 

It is perhaps appropriate to observe that, in 
instances in which total biopsy has been se- 
cured by the method detailed herein and the 
tissue has proved benign, the procedure is 
curative. It may also constitute adequate 
treatment in growths possessed of only small 
restricted areas of malignant degeneration. 
On the other hand, if the malignant nature of 
the biopsy so taken indicates further more 


radical surgical treatment, this procedure in 
no way interferes with its later performance. 


SUMMARY 


1. The benign or malignant nature of cer- 
tain singly occurring polypoid disease of the 
lowest segment of the large bowel may re- 
main doubtful in spite of careful examination 
of the gross clinical characteristics and re- 
peated partial biopsy. 

2. Total biopsy of these growths is indi- 
cated to determine their precise pathological 
nature which is the critical factor in their 
adequate treatment. 

3. A simple satisfactory technique for se- 
curing total biopsy of such doubtful low lying 
lesions is described. 
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CHRONIC HYPERTROPHIC SPONDYLOSIS OF THE 
CERVICAL SPINE WITH COMPRESSION OF THE 


SPINAL 


CORD AND NERVE ROOTS 


JOSEPH A. EPSTEIN, M.D., and LEO M. DAVIDOFF, M.D., F.A.C.S., New York, New York 


YPERTROPHIC changes in the 
cervical vertebrae are observed fre- 
quently and ordinarily arouse little 
concern. However, when extensive 

enough to compress neural structures, a syn- 
drome results which possesses many clinical 
features in common with those of chronic de- 
generative diseases of the spinal cord such as 
primary lateral sclerosis, amyotrophic lateral 
sclerosis and multiple sclerosis. 

An abundance of clinical and experimental 
evidence indicates that disease of the inter- 
vertebral disc is a natural precursor to the 
changes in the vertebrae which we recognize 
as hypertrophic spondylitis or, more appropri- 
ately to indicate its noninflammatory origin, 
hypertrophic spondylosis (2, 6, 7, 11, 16, 19). 

The intervertebral discs which are the only 
plastic elements in the spinal column are con- 
stantly subjected to transmitted forces and 
shocks. This is evidenced by the changes in 
consistency and degenerative changes which 
begin early in life. There is a progressive loss 
in water content as age advances. In the 
fetus, the content is as high as 88 per cent, at 
12 years it drops to 80 per cent while at 72 
years it falls to 70 per cent (11). This pro- 
gressive dehydration is a precursor of the de- 
generative process because of the close corre- 
lation between the elasticity of the nucleus 
pulposus and its water content (16). 

Saunders and Inman made a comprehensive 
study of the normal and pathological interver- 
tebral disc. They described the early vascu- 
larization of the disc during fetal life from ves- 
sels originating in the ossific centers of the ver- 
tebral bodies, which postnatally leave behind 
scars and faults in the cartilage plates pre- 
disposing to subsequent fissuring and escape of 
nuclear material. The well defined nucleus of 
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infancy changes in the second decade to a less 
well demarcated state, the transition from 
nucleus to annulus being more indefinite. In 
the middle decades, the fibrous elements are 
more conspicuous and the disc more homo- 
geneous with the frequent appearance of cavi- 
ties and villous processes in the central zone. 
Progressive dehydration and fibrosis follow. 

Degenerative phenomena may occur as 
early as the third decade. The earliest changes 
described by Saunders and Inman include an 
exaggeration in the size of the nucleus, cavita- 
tion, decreased turgor and elasticity with 
breakdown of the normal fibrillary structure 
and dissolution of cellular elements. The 
brown degeneration which occurs is a result of 
secondary hemorrhage from fine vascular tufts 
which invade the disc through defects in the 
cartilaginous plate. With increasing age, the 
fibrous lamellae of the annulus fibrosus be- 
come more and more definite and larger. With 
the onset of degeneration, the inner layers ulti- 
mately merge into the expanding nucleus leav- 
ing only a rim of the original tissue. Hyper- 
plasia at the peripheral zone of junction with 
the vertebral body is attended by the forma- 
tion of osteophytes. 

Fibrillation of the cartilage plate as a result 
of chronic trauma as suggested by Keyes and 
Compere or as a result of congenital defects as 
proposed by Saunders and Inman lead to 
eventual dehydration and escape of disc mate- 
rial that may be microscopic in size but which, 
nevertheless, ultimately results in a loss of the 
disc’s semifluid consistency and of its cushion- 
ing effect. As the disc becomes thinner, the 
daily trauma of living must be borne in greater 
part by the fibrocartilaginous annulus fibrosus 
resulting in a strain upon the vertebral bodies 
with consequent sclerosis, lipping, and spur 
formation. The preponderance of anterior 
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and lateral osteophyte formation has been ex- 
plained by the shift in the axis of motion of the 
vertebrae posteriorly to the articular facets 
when the disc loses its normal configuration. 
This throws an added stress especially in for- 
ward and lateral bending to the anterior and 
lateral portions of the vertebral bodies with 
resultant hypertrophic changes most conspicu- 
ous in these regions (11). 

The frequency of degeneration of the cervi- 
cal discs was well demonstrated by Horwitz 
who studied the cervical spines of 50 unse- 
lected cadavers with an average age of 56 
years, the youngest being 45 and the oldest 80 
years of age. Sections in the mid-sagittal 
plane disclosed degenerative changes in the 
intervertebral discs in 76 per cent. These were 
found most frequently in the middle and lower 
cervical segments with the greatest number in 
the latter. Protrusion of the disc material into 
the spongy bone of the vertebrae was noted 
only once. Herniation of a soft disc through 
the annulus was not encountered. 


AUTHORS’ MATERIAL 


The initial publications describing neuro- 
logical changes in arthritis of the spine ap- 
peared more than 50 years ago (20, 21). Since 
that time, our understanding of the structural 
abnormalities has increased as has our aware- 
ness of the associated neural involvement. 
While the foraminal syndrome of nerve root 
compression has been described in great de- 
tail, relatively little attention has been di- 
rected toward an analysis of the injuries sus- 
tained by the spinal cord itself. 

We would like to present a group of 6 pa- 
tients in whom severe hypertrophic osteo- 
arthritis or preferably, spondylosis, of the 
cervical spine resulted in a neurological syn- 
drome of combined radicular and spinal cord 
involvement. 


CasE1. B.I.H. No. 224251. Domestic, aged 58 
years, 4 months’ unsteadiness and progressive weakness 
of all extremities. Gait spastic and paretic with hyper- 
reflexia. Atrophy of small muscles of hands. Multiple 
filling defects in myelogram of lower cervical region. 
Laminectomy confirmed presence of bony ridges. Im- 
proved 4 months postoperatively, then regressed. 

F. R., a 58 year old domestic, entered the hospital 
because of weakness of the right upper and of both 
lower extremities. Four months prior to hospitaliza- 


tion, she had noted a gradually increasing weakness 
of both arms and legs, as well as numbness in the 
toes of the right foot. She slipped and fell on her 
back 8 days before admission. Her right upper ex- 
tremity had since become progressively weaker and 
almost useless. She was unable to walk without sup- 
port but could stand. Movement of her head pro- 
duced severe pain in the back of her neck. 

She walked with a spastic paretic gait. There was 
tenderness on percussion over the cervical spine and 
painful restriction of motion of her neck. Weakness 
of all extremities was present, more so on the right 
side. The small muscles of the right hand were 
atrophic. Deep tendon reflexes were hyperactive 
throughout. The Babinski sign was present on the 
right, equivocal on the left. Superficial abdominal 
reflexes could not be elicited. Vibratory sensation 
was normal and only a vague area of hyperesthesia 
could be demonstrated at about the level of the 
fourth cervical dermatome bilaterally. 

Roentgenograms disclosed productive arthritic 
changes in the margins of the fifth, sixth, and seventh 
cervical vertebrae, reversal of the normal curvature 
of the spine in this region and slight wedging of the 
bodies of the fifth and sixth vertebrae. Manometric 
studies disclosed evidence of a partial block. The 
total protein in the cerebrospinal fluid was 35.3 
milligrams per cent. Pantopaque myelography with 
the patient in the prone position disclosed multiple 
filling defects at the levels of the fifth and sixth, and 
at the fourth and fifth intervertebral spaces bilater- 
ally. In addition, the axillary pouches immediately 
below the interspace levels were deformed and in 
part obliterated. 

Following myelography, the severity of the tetra- 
paresis increased, leaving the patient completely 
helpless. A vague sensory level to pinprick and 
touch could be defined at the level of the second 
lumbar dermatome with sparing of the sacral area. 
The Babinski sign could now be noted bilaterally. 

Laminectomy of the fifth, sixth, and seventh cervi- 
cal vertebrae was performed the following day, and 
intradural exploration disclosed large, firm osteo- 
phytes projecting posteriorly and laterally from the 
vertebral bodies stretching the nerve roots over 
their bony-hard surfaces and displacing the spinal 
cord backward in a series of humps and depressions. 
The dentate ligaments were severed and the dura 
closed. 

Postoperatively, her condition improved, and she 
was ambulatory at discharge 1 month later at which 
time, although still weak, motor power was improved 
over that noted at admission. Plantar responses 
were neutral or flexor and no sensory abnormalities 
could be found. There was no sphincter involve- 
ment. Four months later, she was still ambulant 
although weakness persisted. She refused to attend 
rehabilitation clinics and ankylosis of the fingers of 
her right hand followed. Ten months after opera- 
tion, she again had to be hospitalized elsewhere, 
having become completely helpless and tetraplegic 
since last seen. 
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Fig. 1. Case 5. a, left, Anteroposterior, and b, right, 
lateral, pantopaque myelograms showing bilateral filling 
defects in the opaque column, especially opposite the fifth- 
sixth cervical interspace as well as the sixth-seventh cervi- 


CasE 2. B.I.H. No. 222409. Housewife, aged 63 
years, weakness of legs and unsteadiness for 1 year. 
Hands involved past 5 months. Gait spastic and ataxic 
with impaired position and joint sense in all extremi- 
ties. Hyperreflexia and sensory level at 4th cervical. 
Myelogram: multiple defects in middle and upper cervi- 
cal region. Laminectomy confirmed presence of ridges 
displacing cord. Sustained improvement for period of 
I year. 

A. J., a 63 year old housewife, suffered from weak- 
ness of her lower extremities for about 1 year. Five 
months ago, she began to drop things from her hands 
and had difficulty playing the piano. She also noted 
some unsteadiness of gait with occasional falls. 
Numbness of the hands and feet became apparent 
and there were shooting pains between the shoulder 
blades and into the arms and legs. There were no 
sphincteric disturbances. 

The patient walked with a spastic, ataxic gait and 
demonstrated impaired position and joint sense in all 
extremities. Generalized hyperreflexia was present, 
more marked on the right side. The Babinski sign 
was elicited bilaterally. Weakness was present in the 
upper extremities involving particularly the deltoid 
and triceps muscles. Fascicular twitchings were 
observed in the right deltoid. There was a sensory 
level to pain, touch, and temperature at about the 
level of the fourth cervical dermatome bilaterally. 
The cervical spine was fairly mobile and there was 
no tenderness. 
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cal interspace. In, b, is visualized the extreme narrowing 
of the spinal canal by a series of projections corresponding 
to the intervertebral] spaces of the lower half of the cervi- 
cal region. 


Lumbar puncture with Queckenstedt testing 
showed obstruction only wher the neck was marked- 
ly hyperextended.! The spinal fluid contained no 
cells. The total protein was 60.4 milligrams per cent. 
Roentgenograms of the cervical spine showed marked 
productive spondylosis, with very large anterior 
osteophytes at the fifth, sixth, and seventh vertebrae 
and large lateral osteophytes. Pantopaque myelog- 
raphy showed no evidence of obstruction. However, 
a series of delays occurred in the passage of the col- 
umn of oil suggestive of a number of partially ob- 
structing transverse ridges along the posterior sur- 
faces of the vertebral margins in the middle and 
upper cervical regions. 

Because of these findings, laminectomy of cervical 
vertebrae two, three, four, and five was performed. 
The cord was rather small with fewer blood vessels 
and a paler color than normally seen. Retraction of 
the cord disclosed a series of bony ridges anterior and 
lateral to the cord at the levels of the third and fourth 
and of the fourth and fifth interspaces representing 
bony overgrowths of the margins of the vertebral 
bodies in this region. The dentate ligaments were 
severed in the entire exposed area and the dura 
closed. 

The patient improved postoperatively with relief 
of the pain in her back. When last examined 1 year 
after operation, her condition was much improved 


1Dr. Lawrence Kaplan demonstrated this block using manual 
compression. . 
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Fig. 2. Case 6. Anteroposterior pantopaque myelogram 
of the cervical region disclosing poor filling of the axillary 
pouches at the interspace between the fifth and sixth 
cervical vertebrae. 


although she complained of “‘shock” sensations in 
both feet and numbness in both legs. Stability had 
improved and she could now hold objects in her 
hands without dropping them. 

Case 3. B.I.H. No. 223446. Clerk, aged 64 years, 
weakness, unsteadiness and paresthesias in right hand 
for six months. Gait spastic, general hyperreflexia with 
vague sensory level at third cervical. Mvyelogram: 
obstructing ridges at third and sixth cervical inters paces. 
Lesions confirmed by laminectomy. Died three days 
postoperative of hematomyelia. 

B. L., a 64 year old clerk, complained of crampy 
pain in both legs and pain in the soles of his feet and 
in his toes for about 20 years. He received treat- 
ment for peripheral vascular disease. About 6 
months prior to admission, stiffness of the right leg 
was noted and subsequently of the left. Walking 
became difficult and a cane was required. The pa- 
tient also noticed ‘‘pins and needles” sensations in 
the fingers of the right hand. He complained of hesi- 
tancy on urination and of some incontinence. Im- 
potence was present for about 1% years. He had had 
mild diabetes mellitus for the past 15 years. 

Examination showed a somewhat undernourished 
man whose motor power was generally poor through- 
out. Deep tendon reflexes were hyperactive bilater- 
ally with the right knee jerk slightly more active 
than the left. There were no pathological reflexes. 
The left superficial abdominal and cremasteric re- 
flexes were present although feeble, the right absent. 
Sensory examination showed what appeared to be 


hypalgesia and hypesthesia up to the third cervical 
dermatome, of greater intensity on the left side. 
The saddle areas were spared. Position sense was 
diminished in the toes and vibratory sense absent up 
to the pelvis. Co-ordination was good. The Romberg 
sign was positive. The patient supported his weight 
poorly on either extremity alone, the left being weak- 
er than the right. His gait was spastic. 

The total protein in the lumbar spinal fluid was 
80.8 milligrams per cent. Roentgenograms of the 
cervical spine showed a considerable degree of spon- 
dylosis, especially involving the third to the sixth 
vertebrae with a good deal of anterior lipping. 
Pantopaque myelography by the lumbar route 
showed an obstruction across the level of the inter- 
space between the sixth and seventh cervical verte- 
brae. Oil injected through the cisternal route showed 
an obstructive process at the lower border of the 
third vertebra. 

Laminectomy from the second to the sixth verte- 
bra disclosed a swollen and somewhat softened cord. 
A fine hypodermic needle inserted through the poste- 
rior column on the right side encountered no fluid. 
Retraction of the cord revealed a bony protrusion 
extending from side to side across the midline at the 
level of the third and fourth vertebrae which corre- 
sponded to the obstruction visualized on myelog- 
raphy. Another bony ridge was present at the lower 
level of obstruction. The dentate ligaments were 
severed in the exposed areas and the dura left open. 
On recovering from the anesthetic, he complained of 
excruciating pain in the cervical region, in the head 
and in the left leg. He was unable to void but moved 
his lower extremities well. Three days postopera- 
tively, he suddenly became cyanotic, gasped, and 
within a few minutes expired. Postmortem exami- 
nation revealed considerable osteoarthritic lipping 
posteriorly in the cervical spine. The spinal cord in 
this region was softened and on section disclosed an 
extensive hematomyelia involving the cervical and 
upper thoracic portions. 

Case 4. B.I.H. No. 230545. Salesman, aged 54 
years, stiffness and pain in both hands for three years 
and unsteadiness for one year. Atrophy of hands, 
hyperactive reflexes with spasticity in lower limbs. 
Sensory changes over both thumb and index fingers. 
Myelogram: multiple defects in lower cervical region. 
Laminectomy confirmed presence of bony ridges. Sus- 
tained improvement for six months. 

H. L., a 54 year old shoe salesman, was well until 
three years ago when there was a gradual onset of 
unusual sensitivity and pain described as “‘like an 
open nerve” involving the dorsal surfaces of both 
hands over the second and third metacarpals. He 
also noted stiffness of his fingers and an inability to 
tie knots with his usual facility. The symptoms were 
of progressive severity but not incapacitating. About 
one year after the onset of these symptoms, he began 
to walk unsteadily. This apparently began “‘all in 
one day” and increased in severity. There were no 
bowel or bladder disturbances; however, for the past 
four months, he had been impotent. He complained 
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of occasional pains in the back of his head and neck 
during the past year. The remaining history was 
negative save for an episode of “‘neuritis”’ in his neck 
mn the left side, twenty years ago. The pain at this 
time radiated into his arm. 

The patient walked with a spastic gait and a tend- 
‘ncy to drag his toes. Co-ordinated movements of his 
hands were performed well but slowly and stiffly. 
[here was no gross weakness. However, a slight 
trophy of the thenar eminences was discernible 
laterally. The biceps reflexes were of one plus 
ntensity on the right and could not be elicited on 
he left. The remaining deep tendon reflexes were 
iyperactive. Superficial abdominal reflexes were 
veakly present in the upper quadrants and could 
ot be elicited in the lower. Babinski signs were 
vositive bilaterally. An area of hypesthesia, hypal- 
esia and hypothermesthesia was present over the 
humb and index fingers bilaterally. There was no 
estriction of motion of the head and neck. 

Roentgenograms of the spine suggested bony 
idges projecting from the posterior margins of the 
ifth, sixth, and seventh cervical vertebrae. Lumbar 
suncture with manometrics showed no evidence of 
lock with the head in both neutral and in the hyper- 
xtended positions. The total protein in the fluid 
vas 109.8 milligrams per cent. No cells were seen. 
Pantopaque myelography disclosed a series of filling 
defects on the left side at the fifth, sixth, and seventh 
interspaces. This was compatible with multiple 
herniated discs or hypertrophic ridges in this area. 

Laminectomy of the fourth to the sixth cervical 
vertebrae disclosed the cord to be bulging backward 
lefore the arachnoid was torn, but after the escape 
of fluid, it fell back to almost a normal position. 
Lateral retraction of the cord revealed large, solid 
ridges of bone anteriorly, especially on the left side 
at the fourth and fifth interspaces. On the right side, 
prominent ridging was observed only at the fourth 
interspace. The dentate ligaments were sectioned 
bilaterally and the dura closed. At discharge 2 weeks 
later he showed good motor power throughout. The 
only significant change on examination was a return 
to normal of the plantar responses. When last seen 
6 months after operation, the unusual sensitivity of 
the hands had improved with some residual in the 
left thumb which was still stiff. His gait had im- 
proved considerably. He was still impotent. 

Case 5. B.I.H. No. 229486. Housewife, aged 69 
years, weakness and contracture of right hand for three 
years. Atrophy of small muscles of both hands, paretic 
gait. Myelogram: pronounced ridging indenting spinal 
canal; confirmed by laminectomy elsewhere, after pa- 
tient suddenly developed respiratory failure. 

T. N., a 69 year old housewife, noted 3 years ago 
when signing her name that her right hand was weak 
and tremulous. No progression was observed until 
about 10 months ago when she began to have diffi- 
culty in performing fine movements with this hand. 
Two months later she fell in the street lacerating her 
lip but sustaining no other injury. However, follow- 
ing this incident, she observed that the fourth and 
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Fig. 3. Case 6. Lateral roentgenogram of the spine show- 
ing narrowing of the intervertebral space between the fifth 
and sixth cervical vertebrae and posterior bony projection 
at the same level (arrow). 


fifth fingers of the right hand began to contract in 
flexion. A few weeks later, her right second finger 
began to flex as well. There was no pain or sensory 
disturbance. Her past history was noncontributory 
save for hypertension of 6 years’ duration and glau- 
coma for 4 years. 

Her blood pressure was 210/140. Her gait was 
somewhat spastic and short stepped with weakness 
of both lower extremities, more evident on the right. 
The small muscles of both hands were atrophic, 
more so on the right. There was paralysis of the 
extensors of the right fourth and fifth fingers and 
weakness of the extensors of the second and third. 
Flexion of the right wrist was also weak. Occasional 
fasciculations in both arm muscles were observed. 
Deep tendon reflexes were active and equal except 
for the triceps jerks which could not be elicited. The 
sensory status was normal in the upper extremities. 
Vibratory sensation was diminished in the lower 
extremities. 

Lumbar puncture with manometrics disclosed no 
evidence of block even with the head in the position 
of hyperextension. The total protein in the cerebro- 
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Fig. 4. a, left, Lateral pantopaque myelogram in a nor- 
mal individual. b, In a case of chronic hypertrophic 


spinal fluid was 57.1 milligrams per cent. Four white 
blood cells were seen. Roentgenograms of the cervi- 
cal spine showed a marked degree of hypertrophic 
lipping, especially in the lower three vertebrae. The 
interspace between the sixth and seventh segments 
was markedly narrowed. Oblique and lateral views 
demonstrated the posteriorly projecting bony spurs 
as well as narrowing of the corresponding interverte- 
bral foramina. Pantopaque myelography disclosed 
extreme narrowing of the spinal canal by a series of 
spurs projecting from the posterior borders of the 
middle and lower cervical vertebrae visualized espe- 
cially in the lateral projection (Fig. 1a and b). The 
feeble condition of the patient, her age, and hyper- 
tensive state led us to advise against operation. She 
was discharged. Six months later, she suddenly 
experienced severe respiratory difficulty and mani- 
fested signs of transverse myelitis. She was taken to 
another hospital and placed in a respirator. Cervical 
laminectomy was performed as an _ emergency 
measure with the hope of decompressing the spinal 
cord. Evidence was found of acute compression of 


OBSTETRICS 


spondylosis of the cervical spine, showing a series of projec- 
tions corresponding to intervertebral spaces 3, 4, and 5. 


the cord. confirming the presence of prominent bony 


protrusions observed in the earlier studies. The 
patient failed to respond and expired 36 hours after 
operation. 

Cask 6. B.I.H. No. 227297. Truck driver, aged 45 
years, left-sided weakness and numbness for five years. 
Pain in low back and extremities. Gait spastic with 
left-sided paresis. Reflexes hyperactive in lower ex- 
tremities with vague sensory changes. Myelogram: 
bilateral defects at fifth cervical interspace; laminec- 
tomy confirmed lesion. No improvement. 

B. S., a 45 year old truck driver, complained of 
numbness and weakness in the left foot and leg for 5 
years and in the left hand for 1 year. About 3 years 
ago he had some difficulty in starting urination. He 
was treated with estrogens with improvement until 
I year ago when the symptoms recurred. At this 
time he had difficulty in grasping small objects with 
his left hand. These symptoms increased in severity. 
Three months before admission he lifted a heavy 
object and had since complained of low back pain. 
There were also previous complaints over a period of 
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several years of dull aches and pains in all extremi- 
ties, more so on the right side and distally. Both the 
brain and the spinal cord came under suspicion. He 
had been hospitalized on several occasions. Myelog- 
raphy, pneumoencephalography and electroencepha- 
lography were all negative. 

Physical examination was not unusual save for an 
enlarged, firm prostate gland. Neurological exami- 
nation disclosed a spastic gait with weakness of the 
left lower extremity. There was moderate weakness 
of the left grip. The Romberg sign was present. 
Deep tendon reflexes were hyperactive in the lower 
extremities and of normal intensity in the upper. 
The superficial abdominal and cremasteric reflexes 
could not be elicited. Bilateral Babinski signs were 
present. Vibratory sensation was markedly de- 
creased in the right lower extremity and less so in the 
left. Position and joint sense were intact. There was 
a questionable level to pin prick at the fourth cervi- 
cal dermatome. 

Lumbar puncture with manometrics were normal 
with the head in all positions. The total protein of 
the cerebrospinal fluid was 55.2 milligrams per cent. 
Since the previous myelogram had been reported as 
negative, the patient was discharged with the diag- 
nosis of intramedullary cord disease, etiology un- 
known. 

He was readmitted 1 month later. Roentgeno- 
grams of the cervical spine showed a projection of 
bone from the posterior aspect of the fifth vertebral 
body seen in the oblique views. There was no nar- 
rowing of the intervertebral spaces or abnormality 
in the spinal curvature. Pantopaque myelography 
disclosed poor filling of the axillary pouches at the 
interspace between the fifth and sixth cervical verte- 
brae bilaterally (Fig. 2). Laminectomy of the fifth, 
sixth, and seventh cervical vertebrae revealed a bony 
ridge projecting posteriorly into the spinal cord at 
the area under suspicion myelographically. The 
dentate ligaments were cut and the dura closed. 
There was no change in the patient’s condition until 
6 months later when he was readmitted because of 
severe pain in the low back, in the right hand, knee 
and ankle for which he was given cortisone. There 
was no significant change in his neurological status. 


DISCUSSION OF CASES 


The sexes were equally divided in this group 
and the patients varied in age from 52 to 69 
years. There was no apparent occupational 
trend although the number was too small to 
merit any valid conclusions. A history of 
trauma was elicited in 2 cases. However, it 
was impossible to relate the incident with the 
onset of symptoms although there was appar- 
ently an exacerbation or intensification of pre- 
viously existing complaints. Two patients 
= hypertensive, 2 had glaucoma and 1 dia- 

etes. 


Sphincteric disturbances were few and were 
confined to 2 of the men in whom delay in ini- 
tiating urination was in all probability due to 
prostatic hypertrophy. Impotence was noted 
twice. In 1 patient, 64 years of age, it had 
existed for 1 year prior to the onset of the 
present disability while in the second, a man 
of 54, it had been present for only 4 months. 
The abnormalities referable to his upper and 
lower extremities existed for 1 and 3 years re- 
spectively. 

The duration of illness varied from a maxi- 
mum of 6 years to as brief a period as 4 
months. There were initial complaints refer- 
able to the lower extremities in 5 of the 6 pa- 
tients. These consisted of the gradual onset of 
unsteadiness of gait with spasticity and weak- 
ness. Numbness was complained of frequently 
while burning and shooting pains were com- 
mon in the distal portions. The upper ex- 
tremities were affected in 5 patients; in 3 only 
after the changes had appeared in the lower 
limbs. Here the chief disturbances included 
weakness, stiffness, and numbness of the fin- 
gers, and inability to perform fine movements. 
In addition, there were disagreeable sensa- 
tions such as pins and needles, hypersensitiv- 
ity of the skin, and shooting pains down the 
arms to the hands. Restricted and painful 
movement of the neck was observed once. 
One patient complained of pain between the 
shoulder blades radiating to the arms and 
down into the lower extremities. In only 1 
patient was there a conspicuous absence of 
pain. 

The course of the illness was progressive in 
all, and gradual for the most part. All 4 ex- 
tremities were ultimately involved in 5 pa- 
tients, with the right side being more seriously 
affected in 4. Extremities were involved sym- 
metrically and simultaneously in 2 patients. 
In 1, the symptoms in the lower limbs had 
been present for a period of 6 months prior to 
involvement of the hands while in the second, 
the reverse was true, the hands being affected 
2 years before the legs. 

Weakness was a conspicuous symptom, as- 
sociated with atrophy in the upper extremi- 
ties and with spasticity and hyperreflexia in 
the lower extremities in all patients. The gait 
was characteristically spastic and ataxic. At 
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times, the triceps or biceps jerks could not be 
elicited in the presence of hyperactivity of all 
reflexes below this level. Atrophy was evident 
in the deltoid and triceps in 1 patient and in 
the small muscles of the hands in 2 others. 
Fasciculations were observed twice. Sensory 
levels to pin prick, touch, and temperature 
were poorly defined in 3 patients at the level 
of the midcervical dermatomes. In no case 
was the saddle area involved. In 1, a patch of 
hypesthesia and hypalgesia was defined over 
the thumb and forefinger of both hands. In- 
volvement of the posterior columns was more 
definite and better defined, affecting primarily 
position and vibratory sensation in the lower 
half of the body in 3 patients and in all ex- 
tremities in a fourth. The Babinski sign was 
present bilaterally in 3 patients and unilater- 
ally in 1. The superficial abdominal reflexes 
were present in 4 patients, not elicited in 1 
and elicited only unilaterally in another. 

Tenderness on percussion of the cervical 
spine was noted in only 1 patient. Marked 
weakness in all extremities developed after a 
myelogram in 1 patient with the appearance 
of bilateral Babinski signs. 

Plain roentgenograms of the cervical spine 
disclosed evidence of marked hypertrophic 
spondylosis in all patients. This was most evi- 
dent as anterior osteophytes involving the 
middle and especially the lower cervical verte- 
brae. In 2 cases, bony projections from the 
posterior borders of the vertebrae into the 
spinal canal were evident (Fig. 3). In addi- 
tion, there was constriction of the interverte- 
bral foramina by projections from the verte- 
bral bodies and the rims of the articular facets 
as well as by narrowing of the intervertebral 
spaces. The curve of the cervical spine was 
abnormal in only 1 patient. Compression of 
the bodies of the fifth and sixth cervical verte- 
brae was noted once, and narrowing of the 
intervertebral spaces was conspicuous in a 
second patient. Because of the extensive bone 
changes about the rims of the vertebral bodies, 
it was difficult to evaluate adequately the 
interspaces in the others. 

Myelography was performed in all patients, 
usually through the lumbar route. The most 
common abnormality was a series of horizontal 
defects at the level of the intervertebral spaces, 


including parts or the whole of the axillary 
pouches. In 1 case, the posterior ridging was 
severe enough to produce a block to the pas- 
sage of oil across the sixth interspace and a 
second similar block was then demonstrated at 
the third interspace by means of a cisternal in- 
jection. These ridges projecting into the spinal 
canal posteriorly and laterally were rendered 
most conspicuous when the exposures were 
made with the patient in the lateral horizontal 
position (Fig. 4a and b). By this means it 
was possible to demonstrate a series of defects 
at the interspace levels that could not be de- 
tected in other positions. 

Studies of the spinal fluid disclosed protein 
values varying from 35.5 to a maximum of 
109.8 milligrams per cent with an average of 
67.2 or moderately above the maximum nor- 
mal values of 45 to 50 milligrams per cent ob- 
tained at this hospital. 

Manometric studies disclosed evidence of a 
partial block in 1 patient. In a second, a com- 
plete block was demonstrated on hyperextend- 
ing the cervical spine with no block in the 
neutral position. There was no evidence of a 
block in any position of the spine in the other 
patients. 

The disclosure at operation in all patients 
confirmed the presence of firm, bony-hard 
ridges indenting and displacing the spinal cord 
posteriorly in a series of humps and depres- 
sions as suggested by the roentgenographic 
studies. The nerve roots were observed to be 
stretched across these ridges and the dentate 
ligaments were under varying degrees of ten- 
sion. Operation consisted of decompression of 
the area involved by removal of the laminae 
and by the sectioning of the dentate ligaments 
in the area of exposure. Ridges not discernible 
in the routine spine films were clearly identi- 
fied in this manner. In no case was a soft 
herniated disc defined at operation. 

Postoperatively, 2 patients improved con- 
siderably, with regression of the intensity of 
their presenting complaints to the point where 
they were no longer incapacitated. In one of 
these the bilateral Babinski signs had disap- 
peared after 2 weeks with gradual improve- 
ment in his spastic gait and in the function of 
his upper extremities although he was still 
impotent after 6 months. The second main- 
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tained a gradual and steady improvement with 
considerable relief of pain for 1 year. A third 
patient regained the use of her extremities for 
about 4 months, after which she gradually re- 
gressed to complete helplessness after 10 
months. One patient, who was not operated 
upon, suddenly developed respiratory failure 
and signs of acute transverse myelitis 6 months 
after her studies here. Laminectomy per- 
formed elsewhere confirmed the nature of the 
lesion but failed to help her. There was no 
progression in the disability of 1 patient ex- 
cept for persistent pain. Another suddenly de- 
veloped a cervical and upper thoracic hema- 
tomyelia 3 days after operation and expired. 


REVIEW OF THE LITERATURE 


Discogenic disease of the cervical spine is 
mostly limited to the lower segments, especial- 
ly between the fifth and sixth and the sixth 
and seventh vertebral bodies (10, 13, 19). 
While the disease may be encountered at any 
age over 20 years, those over fifty predominate 
(19). Faulty posture has been suggested in 
several cases wherein the patient’s neck was 
habitually stretched forward or maintained in 
unusual positions predisposing to an unusual 
strain in the cervical spine (10, 19). There is 
no correlation of the lesion with systemic 
spinal or bony anomalies, sex, race, or special 
constitutional type. Neither is there a relation 
to the type of neck, body weight, or state of 
health (10, 19). 

The clinical syndrome of compression of the 
spinal cord and nerve roots in arthritis of the 
spine has become more familiar and is now be- 
ing recognized with increasing frequency. 
Bailey and Casamajor (1911) reported 5 cases 
in which localized paralysis and long tract 
signs at first suggested an extramedullary 
tumor but subsequent studies confirmed the 
presence of hypertrophic osteoarthritis below 
the cervical segments with narrowing of the 
spinal canal and intervertebral foramina. 
Morton (1936) presented the cases of 3 pa- 
tients with involvement of the cervical spine, 
who improved following laminectomy. He 
described evidence of subarachnoid block on 
manometric study when the head was extended 
to the point wherein the patient complained 
of numbness in the fingers of the hand. Simi- 
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lar studies in a large group of patients have 
been reported in detail by Kaplan and Ken- 
nedy (1951), who found this maneuver to be a 
valuable diagnostic aid. In 1 of our cases, 
there was complete block, and in 1, partial 
block by using this method. In the 4 remain- 
ing cases we were unable to demonstrate a 
block with the use of the blood pressure cuff 
around the neck as the means of producing 
jugular compression. We have subsequently 
learned that the method of Kaplan and Ken- 
nedy requires manual compression in order to 
elicit the desired result. Parker and Adson 
(1925) described 1 case in which a Brown- 
Séquard syndrome was produced in a man of 
51 by an outgrowth from the bony margin of 
the sixth cervical vertebra pressing on the 
cord both posteriorly and laterally. 

Patients with symptoms of nerve root com- 
pression in the cervical region without evi- 
dence of involvement of the spinal cord are 
encountered far more frequently (5, ro, 12, 13, 
18, 19, 23). The anatomical boundaries of the 
foramina are all susceptible to the alterations 
in structure described earlier and only rela- 
tively slight productive and degenerative 
changes may suffice to narrow the opening an 
amount sufficient to result in pressure upon 
the cervical nerve roots. The greater vulner- 
ability of the lower cervical spine to the stress 
of daily living and the smaller caliber of the 
foramina in this region traversed by the larg- 
est of the cervical nerves as contrasted with 
the more cephalic segments predispose to 
radicular injury. 

Our interest was especially directed to the 
segmental and long tract signs produced by 
protrusion of intervertebral disc material an- 
terior or anterolateral to the cervical spinal 
cord. The exposure of a soft protrusion alone 
is a relatively infrequent occurrence in the 
cervical region, there usually being a tiny soft, 
extruded portion overlying a firm, nonyield- 
ing, bony, hard excrescence. More often than 
not, a so-called calcified disc is encountered, 
the nature of which is impossible to distinguish 
from a hyperostotic ridge of bone. 


DIFFERENTIAL DIAGNOSIS 


It is difficult to isolate the symptom com- 
plex resulting from hypertrophic arthritis of 
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the cervical spine from the syndrome caused 
by midline or lateral herniation of a cervical 
disc because of the similar patterns of trauma 
sustained by the spinal cord and nerve roots 
(3, 4, 16, 17). In general, the midline hernia- 
tion is not seen in women and in the few female 
patients in whom it has occurred, trauma to 
the neck has been a specific incident. The 
men afflicted usually, although not always, 
are vigorous, muscular, and engaged in strenu- 
ous pursuits. The midline discs are prone to 
give rise to symmetrical disturbance largely 
confined to pyramidal tract signs and evi- 
dence of interference with the spinocerebellar 
pathways with rare and minimal changes in 
the upper extremities (3). As in our patients, 
stiffness of the neck, local pain, and tender- 
ness are rare. The herniated discs more later- 
ally situated compress one side of the cord and 
produce dissociated signs of the Brown-Sé- 
quard type. If, in addition, nerve root com- 
pression occurs, symptoms occur which are 
indistinguishable from those in the cases 
under discussion save for perhaps a greater 
tendency to lateralization toward one side, 
and usually a more acute clinical course. In- 
volvement of the posterior columns of the 
spinal cord and of the upper, as well as the 
lower, extremities may suggest the more wide- 
spread radicular and axial syndrome pro- 
duced by hypertrophic changes. 

Roentgenograms in cases of herniated disc 
show varying degrees of narrowing of the in- 
tervertebral space with straightening of the 
cervical curve. However, pantopaque mye- 
lography is mandatory to confirm the diag- 
nosis, the myelograms disclosing a lateral or 
anterior defect at the level of the related inter- 
space and not the series of defects character- 
istic of hypertrophic alterations affecting sev- 
eral spinal segments. Multiple cervical disc 
herniations, of course, may be indistinguish- 
able from this latter condition. 

Progressive degenerative diseases of the 
spinal cord such as multiple sclerosis, primary 
lateral sclerosis, and amyotrophic lateral scle- 
rosis all possess features in common with those 
resulting from discoidal disease of the cervical 
spine. Stress analysis by Mr. Alfred Zweig as 
reported by Kahn (1947) demonstrated that 
on compression of the spinal cord ventrally 
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with the cord being firmly fixed by the dentate 
ligaments, the first pressure wave is trans- 
mitted directly to its anterior surface. How- 
ever, a secondary wave of pressure lateral in 
the cord and running posterior to the dentate 
ligaments acts directly on the pyramidal 
tracts. Least stress is placed on the posterior 
columns which nonetheless are susceptible. 
This concept offers an explanation for the 
pyramidal and spinocerebellar tract involve- 
ment so common in hypertrophic arthritis of 
the cervical spine, as well as in midline hernia- 
tions of the disc for which it was originally de- 
scribed. Therefore, it is of vital importance to 
study the cervical region in patients with the 
aforementioned syndromes, for evidence of 
spinal disease which may be amenable to 
surgical treatment. 


ROENTGENOGRAPHIC FEATURES 


With the progression of the degenerative, 
noninflammatory skeletal changes described 
earlier, a fairly characteristic group of roent- 
genographic signs may be defined. As the 
intervertebral space narrows and the vertebral 
bodies approach each other, there is encroach- 
ment on the cephalocaudal diameter of the 
intervertebral foramen. The articular facets 
may be displaced upon each other because of 
the approximation of the vertebral bodies and 
further contribute to this constriction (7, 19). 
In addition, further narrowing of the canal is 
caused by bony spurs projecting into the canal 
anteriorly from the vertebral bodies and pos- 
teriorly from the articular facets (1, 12, 22). 
The bony ridges which narrow the foramen 
anteriorly may only be a portion of a larger 
osteophyte projecting from the rim of the 
vertebral body into the spinal canal anterior 
and lateral to the cord. Similar ridges usually 
occur over several segments and to both sides 
of the spinal cord. However, only one or 
occasionally two may be the primary offenders. 

The roentgenograms alone may not provide 
sufficient information to establish the diag- 
nosis. In many cases, the bony abnormalities 
may not be demonstrable in their fullest ex- 
tent (13, 15, 19). For this reason, myelog- 
raphy is mandatory. It is of the utmost im- 
portance to make exposures with the patient 
in the lateral recumbent position with the 
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side of greatest involvement dependent. We 
have found 6 cubic centimeters of pantopaque 
to be sufficient in most cases. The procedure 
consists of tilting the patient with the neck 
hyperextended until the oil collects in the 
cervical canal after which the table is placed 
in the horizontal position and the patient 
turned on his side, care being taken to keep 
the head tilted slightly upward so as to pre- 
vent oil from draining into the cisterna magna. 
We have found this to be the most effective 
way of demonstrating the true extent of the 
anterior and anterolateral indentation of the 
spinal canal in the multisegmental manner 
characteristic of this lesion. 


PROGNOSIS 


The prognosis depends in large part on the 
duration and degree of trauma sustained by 
the spinal cord and nerve roots. As in the 
calcified herniated disc, constant pressure on 
the spinal cord by a small, bony, hard mass 
over an extended period may produce irre- 
versible sclerotic changes, while sudden vascu- 
lar changes may prove disastrous as in 2 cases 
of this series. Only 2 patients in the present 
group were aided by operation in any appre- 
ciable degree. Since the symptoms had been 
present for approximately 1 year in 1 of these 
patients and 1 to 3 years in the other—fairly 
brief periods when compared to others in the 
series—one is encouraged to persist in the use 
of laminectomy and of section of the dentate 
ligaments. This may well have been per- 
formed in the 1 patient in whom the diagnosis 
was established but operation deferred. 
Whether this may have avoided the subse- 
quent respiratory paralysis and transverse 
myelitis, is difficult to aver. However, the 
procedure suggests itself in view of the unusu- 
ally severe bony changes that were demon- 
strated in the cervical spine. 


SURGICAL TREATMENT 


Any attempt to remove the spurs and ridges 
is fraught with danger and is unwarranted. 
Anatomical studies by Kahn (1947) showed 
that the dural prolongations strongly resist 
posterior displacement of the thecal sac, and 
provide points of fixation for the dentate liga- 
ments. It is, therefore, mandatory that the 
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ligaments be severed in order to achieve maxi- 
mal relaxation of the cord and to provide for 
adequate displacement. 

In regard to the surgical procedure, great 
care must be taken in removing the laminae to 
avoid inserting the tip of the rongeurs beneath 
the bony arch as the instrument further com- 
presses and crushes the spinal cord against the 
underlying bony ridges. This undoubtedly 
accounts for the poor results obtained from 
earlier procedures where the actual extent of 
the ridging was unsuspected. 

Should the diagnosis be made early, and 
this is now possible, decompressive measures 
can be applied promptly. Early enough, it is 
hoped, to prevent irreversible cord injury. 


SUMMARY 


The neurological syndrome associated with 
hypertrophic arthritis of the cervical spine has 
been described in 6 patients. Emphasis is 
placed on the trauma to the spinal cord pro- 
duced by the bony-hard osteophytes project- 
ing posteriorly into the spinal canal from the 
vertebral margins in the middle and lower 
cervical regions. This results in a clinical pic- 
ture including spasticity and weakness in the 
lower extremities and alterations in position 
and vibratory sense. The mechanisms respon- 
sible for these changes are described. In addi- 
tion, nerve root compression in these patients 
as a result of constriction of the intervertebral 
foramina produces weakness and atrophy with 
sensory and reflex disturbances in the upper 
extremities. 

The noninflammatory, productive bony 
changes responsible for the spinal cord and 
nerve root alterations are believed to be the 
result of degeneration of the intervertebral 
discs. The diagnostic importance of stereo- 
scopic roentgenograms of the spine taken in 
the anteroposterior and lateral positions in 
addition to oblique views is emphasized. Of 
utmost importance is pantopaque myelog- 
raphy of the cervical region wherein studies 
in the lateral as well as in the prone positions 
are mandatory if one is to appreciate the full 
extent of the productive changes characteristic 
of this disease. 

Treatment is directed toward the relief of 
pressure and consists of laminectomy over the 
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area involved with section of the dentate liga- 
ments. In this manner, the stress transmitted 
indirectly to the lateral and posterior columns 
of the spinal cord is relieved. Promising re- 
sults obtained in 2 patients of this series en- 
courage the use of this procedure in an at- 
tempt to forestall the development of irre- 
versible sclerotic and vascular changes. 
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SUBTROCHANTERIC OSTEOTOMY FOR NONUNION 
OF THE NECK OF THE FEMUR 
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N spite of improvement in the manage- 
ment of fresh fractures of the femoral 
neck, nonunion remains a frequent com- 
plication (2). In many instances cause of 

failure is loss of blood supply to the head 
either as a result of the original injury or of 
subsequent therapeutic procedures. Technical 
difficulties at the time of surgery as well as 
poorly executed operative procedures are re- 
sponsible in many cases. Regardless of the 
cause, failure of union of a fracture of the neck 
of the femur results in a very serious disabil- 
ity. In most cases it relegates the patient to 
a nonweight bearing existence, and many times 
lying or sitting is not without pain. It is 
imperative, therefore, that something be done 
in an attempt to rehabilitate these unfortunate 
individuals. The objective in the treatment 
of nonunion of the neck of the femur is to pro- 
vide the patient with a stable, painless hip 
having a useful range of motion, with a 
minimum of risk to the life of the patient. 

In an effort to satisfy these requirements 
numerous and sometimes ingenious procedures 
have been devised. In general these fall into 
4 classes: (1) bone grafting operations, (2) re- 
constructions, (3) osteotomies, and (4) arthro- 
deses. It is not the purpose of this report to 
discuss the indications, advantages, and dis- 
advantages of these various procedures, but 
to deal with subtrochanteric osteotomies. 

McMurray in 1936 described a high oblique 
osteotomy of the femoral shaft followed by 
medial displacement of the shaft so that the 
fresh bone of the upper shaft came to rest 
directly under the site of the nonunion. In 
this way weight bearing stress was applied 
directly under the head and all shearing force 
was eliminated. As performed by McMurray 
no internal fixation was employed, position of 
the fragments being maintained in a hip spica 
cast. This operation is commonly known as 
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the McMurray, or subtrochanteric, osteot- 
omy, although Reich reports that a similar 
type of operation was carried out by Haas 
prior to 1922. In reporting the operative 
technique and the results in 27 cases, McMur- 
ray lists as advantages of the osteotomy: 
“(z) its simplicity and the absence of shock 
which is of great importance to the elderly 
patient; (2) the comparative certainty of re- 
lief as compared with other procedures whose 
value is problematical; (3) the fact that the 
operation may be performed in spite of a very 
long interval of nonunion; and (4) no necessity 
of any form of walking splint following the 
removal of plaster.” The only fixation used 
was a hip spica cast for a period of 3 months. 
All but one of McMurray’s 27 cases had 
shortening and all had restriction of hip mo- 
tion to some degree. Shortening and limita- 
tion of motion would be readily acceptable, 
however, if a stable, painless hip could be 
anticipated with any degree of certainty. 
This procedure was immediately popular as 
is evident by many favorable reports in the 
literature—Kellog Speed, Reich, Speed and 
Smith, Blount, and others. Common teaching 
in the past has been that when a nonunion of 
a fracture of the neck of the femur occurs the 
correct method of treatment is a subtrochan- 
teric osteotomy without much consideration 
being given to the local condition existing 
about the hip. Speed and Smith state that 
“it is not necessary to obtain union of the 
fracture following osteotomy, but that good 
results may be obtained without union and in 
fact in the presence of aseptic necrosis of the 
head.” Five cases of nonviable heads in their 
series obtained union following osteotomy and 
no cases developed aseptic necrosis that had 
living femoral heads before osteotomy. How- 
ever, Speed and Smith list as contraindica- 
tions to osteotomy: “(1) requirements such 
that a bone graft can be done, (2) fracture of 
long duration, (3) presence of aseptic necrosis 
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of the head or osteoarthritic changes to any 
degree.” They prefer the osteotomy to recon- 
struction because: “‘(1) the operation is simple 
and safer, being particularly suitable for 
elderly and debilitated individuals who cannot 
withstand extensive reconstruction or bone 
graft operation—definite improvement of 
otherwise hopeless disability is thus possible; 
(2) the mechanics of osteotomy more closely 
restore anatomic weight bearing in the hip 
than reconstruction; (3) subsequent displace- 
ment and loss of support are less likely; (4) 
function surpasses that of the best recon- 
struction and approximates that of osteosyn- 
thesis or the bone graft operation; and (5) the 
number of good or fair results is higher, being 
approximately 80 per cent.” 

To the contrary Heman found the operation 
not so simple and free of shock; furthermore 
his patients had a tendency to have recurrence 
of pain after the third year. 

We soon found that it was difficult to hold 
the bones in the desired position by means of 
a plaster cast. Patients of the age group dis- 
cussed (67.3 years in our series) did not 
tolerate prolonged plaster fixation. 

In an effort to overcome these 2 serious 
handicaps, various types of internal fixation 
devices have been employed. The majority 
of these, however, do not provide sufficient 
internal fixation to enable the complete elimi- 
nation of external fixation; although they do 
prevent displacement of the osteotomy. The 
Blount plate satisfies both of these require- 
ments in those cases in which the bone texture 
is good. In the presence of demineralization 
or in those cases in which the blade was not 
accurately centered, there was a tendency for 
the blade to cut out. In most instances some 
form of external fixation is needed (Fig. 1). 
More recently the Jewett or the Key nail has 
been employed and these will provide ade- 
quate internal fixation in most instances (Fig. 
2). Dickson in 1947 described what he terms 
a geometric osteotomy which is a further re- 
finement of the operative procedure in that the 
exact angle and, therefore, the proper amount 
of rotation may be obtained simply and with 
certainty. The introduction of internal fixa- 
tion, particularly those that require open op- 
erative procedures, have completely removed 


the simplicity of the osteotomy that was so 
important to McMurray, for it becomes an 
operation which must be carefully planned 
and meticulously executed, and is in no way 
less shocking to the patient than one of 
several reconstructive procedures on the hip. 

Despite all of these changes we have con- 
tinued to obtain unsatisfactory results in the 
treatment of nonunion of the femoral neck 
with subtrochanteric osteotomy. (The Dick- 
son type osteotomy was not used in this 
series.) It is the purpose of this report to re- 
view the cases of patients so treated in order 
to determine if possible whether the opera- 
tion has a place in the management of non- 
union of the neck of the femur. 

In this group no patients with nonunion of 
the neck of the femur were excluded from the 
procedure of subtrochanteric osteotomy be- 
cause of age or debility, nor was the duration 
of nonunion and of secondary changes about 
the hip a contraindication. No postoperative 
deaths nor wound infections occurred. 

The technique of the operative procedure 
was basically the same in all cases. With the 
patient under general anesthesia, usually 
sodium pentothal and nitrous oxide, he was 
placed on the fracture table and traction was 
applied to the injured leg to correct the up- 
ward displacement. Failure adequately to 
correct this deformity before insertion of the 
nail perhaps contributed to some of the poor 
results (Fig. 2). Anteroposterior and lateral 
films were then obtained to check the posi- 
tion. When deemed satisfactory by the sur- 
geon, a lateral incision was made; the fascia 
lata was opened just behind the tensor fascia 
femoris, and the vastus lateralis muscle was 
freed from its posterior attachment to the 
femur and turned anteriorly, thus exposing 
the upper shaft of the femur and greater tro- 
chanter. If internal fixation was to be used 
the device selected was then inserted through 
the neck and into the head. The position was 
again checked by x-ray and when accurately 
placed the osteotomy was done. Poor place- 
ment of the nail was responsible for many of 
the failures of this series. ‘The shaft of the 
femur was now displaced medially to beneath 
the head, the leg abducted to meet the plate, 
and the plate fixed to the shaft with screws. 
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If it appeared that both the nail and the plate 
were solidly fixed in good bone, no external 
fixation was used. In case of doubt, suitable 
external plaster fixation was then used. A 
poorly executed operative procedure uniformly 
led to a poor result. The site of the osteotomy 
as well as the method of maintaining position 
varied considerably (Fig. 3). 

From 1943 to 1949, 44 patients with non- 
union of the neck of the femur were treated 
by subtrochanteric osteotomy by various 
members of the orthopedic staff of Washing- 
ton University. Of these 44 patients, 7 have 
been lost to follow-up and 6 have since died; 3 
of the latter were followed long enough to 
determine the end results. So our follow-up 
examinations are complete on 34 patients. 

A good result is considered one in which 
union of the fracture occurred and a stable, 
painless hip with a useful range of motion re- 
sulted. Ten cases or 29.4 per cent were classed 
as good. In all of these cases the femoral 





e 
Fig. 3. a, High osteotomy with 1 screw as internal fixa- 
tion and cast. Upward displacement not corrected before 
operation. b, One Kirschner wire and cast fixation. c, No 


Fig. 1, left. Failure of internal fixation due to the cutting 
out of Blount blade plate. 

Fig. 2. Use of Key nail for internal fixation. The blade 
has drifted through the head into the acetabulum without 
the production of much discomfort, but was removed 
later. Incomplete reduction. 


heads were considered viable before operation. 
In this group aseptic necrosis occurred in only 


f g 
internal fixation. d and e, Blount plate fixation. No cast. 
f, Blount blade plate fixation. No cast. Head appears 
dead. g, Key nail fixation. No cast. 
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Fig. 4. a, Appearance 1 year after fracture and before 
osteotomy. Head appears dead. b, Four months post- 
operatively. c, One and one-half years after osteotomy. 
Blount plate removed because of pain without much 


1 case following operation. Union of the frac 
tures was obtained in each case. The longest 
period of nonunion was 4 years, the shortest 
3 weeks. In the latter case a Smith-Petersen 
nail slipped. In no case in which aseptic 
necrosis of the head was present before osteot- 
omy was a good result obtained. Several pa- 
tients obtained fairly good hips and in 1 case 
(Fig. 4) revascularization of a portion of the 
head occurred with apparent union of that 
portion but the remainder absorbed. This 
case was classed as fair because of the presence 
of pain and instability of the hip. All patients 
with results which were considered the best 
in this series had shortening, restriction of hip 


change. Head dead. Nonunion of fracture. d,e, Three and 
one-half years after osteotomy. A small portion of the 
head has become revascularized and appears to be united 
to the shaft. The remainder has been absorbed. 


motion, walked with a limp and a few re- 


quired support part of the time. Figure 5 
illustrates 2 cases that were classed as good. 
Despite the extensive changes in Figure 5a 
this patient has a painless, stable hip with a 
surprisingly good range of motion. 

A result may be considered fair when union 
of the fracture occurs but there is impairment 
of function and pain is so great that the result 
cannot be considered good (Fig. 6). Also if 
union fails to occur, but function is unusually 
good the result may be considered fair. In 10 
cases, or 29.4 per cent of this series, results 
were considered fair. In 3 of these 10 cases 
aseptic necrosis developed following the op- 
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Fig. 5. a, Nonunion of 2% years’ duration with apparently 
viable head. Osteotomy held with Blount plate and fixa- 
tion of legs with plaster boots and crossbar. Now has 
painless, stable hip despite extensive arthritic changes 


eration. Four of the 1o patients, therefore, 
had dead femoral heads but the results were 
considered fair because of the relative freedom 
from pain and the satisfactory range of mo- 
tion. The duration of nonunion ranged from 
3 years to 1 month, or in other words, com- 
pared fairly favorably with the group classed 
as good. In 8 cases classed as fair, union of the 
fracture occurred but in 2 the bones failed to 
unite. Three patients with aseptic necrosis 
obtained union of the fracture, 1 did not. 

A result was considered poor when union of 
the fracture failed to occur and a painful, un- 
stable hip resulted. Fourteen or 41.2 per cent 


b 


about joint and irregular dead head. b, Nonunion of 3 
years’ duration. Blount plate, plaster boots and crossbar. 
Painless stable hip. Plate removed because of pain due to 
blade being into acetabulum. 


of the cases in this series fell into this group. 
Eight of these patients had dead femoral 
heads and nonunion as a final result. In 4 of 
the 8 cases x-ray evidence before osteotomy 
indicated the presence of aseptic necrosis and 
in 4 cases in which the heads appeared to be 
viable before the osteotomy aseptic necrosis 
developed following the operation. The dura- 
tion of nonunion in this group was essentially 
the same as in the 2 preceding groups. Failure 
in this series could, for the most part, be 
attributed to: (1) aseptic necrosis, and (2) 
failure of fixation which eventually resulted in 
displacement at the fracture site and con- 
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Fig. 7. 


Fig. 6. Nonunion of neck of femur of 1 year’s duration. 
Head appears dead. Osteotomy, fixation with Key nail. 
Plaster boots and crossbar. Union of fracture, but classed 
as fair because of pain and limp. Nail removed later. 


tinued nonunion as a result of a poorly execut- 
ed operative procedure (Fig. 7). 

In this series the use of a bone graft was 
combined with osteotomy in only 2 cases. 
One patient obtained union in apparently 
good position, but has continued to complain 
of fatigue and difficulty in walking and the 
result was classed as fair. The other failed to 
obtain union and the result was classed as 
poor because of a painful, unstable hip. 

This series of cases represents a small group 
of patients who were treated by surgeons of 
varying skills and who used widely divergent 
fixation devices. Furthermore, the operation 
of subtrochanteric osteotomy was employed 
to treat nonunion regardless of the condition 
present in the hip. As only 1 of the patients 
whose results were classed as good had an 


Fig. 7. Nonunion of 2 years’ duration. Low osteotomy 
and Blount plate, but plate does not adequately engage the 
small head fragment. Separation and failure of the fixation 
device due to faulty technique. Continuation of nonunion. 


aseptic necrosis of the femoral head it would 
appear that the operation of subtrochanteric 
osteotomy should not be done in the presence 
of a nonviable head. It is frequently difficult 
to determine by x-ray examination whether 
the head is viable and it may well be that, 
instead of the 6 patients developing aseptic 
necrosis following osteotomy the necrosis 
really existed at the time of operation. 

Probably the only way to,determine wheth- 
er or not the head is viable is by examination 
during an open reduction. Even then diff- 
culty may arise since sections taken from the 
head at operation may show areas of dead 
bone when the head appeared viable. 

It has been frequently stated that the op- 
eration of osteotomy is more satisfactory in re- 
cent cases of nonunion; however, in this small 
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series the duration of the nonunion did not 
seem to influence the end result. We would 
expect, however, that the earlier corrective 
procedures are undertaken the fewer will be 
the secondary changes about the hip joint; 
consequently, better end results will be ob- 
tained regardless of the method used. 

Since we cannot always be sure of the viabil- 
ity of the head, particularly in a recent case, 
the operation of subtrochanteric osteotomy 
should, therefore, probably be performed by 
the open method as recommended by Dickson. 
With this method not only can the fracture 
site be inspected and the viability of the head 
determined, if that is possible, but it is also 
possible to standardize completely the site 
and angle of the osteotomy as well as the de- 
gree of rotation. With the technique of Dick- 
son it is possible not only to curet away the 
fibrous tissue and sclerotic bone at the site of 
the nonunion but to remove a large portion 
of dead bone that might be present in the 
head. Fixation with a Jewett or Key nail 
may be done without the necessity of repeated 
x-ray examination as would be necessary if the 
lateral approach were used. As a rule this 
type of internal fixation will not require ex- 
ternal immobilization; the patient may be up 
in a chair almost immediately following sur- 
gery and early ambulation is permitted. 

As regards the certainty of results in this 
series they have been quite uncertain, Mc- 
Murray, Speed and Smith, Kellog Speed and 
others to the contrary. The poor results in 
this series make it plain that if the operation 
of subtrochanteric osteotomy is to succeed, 
definite criteria for its use must be established. 
We suggest that the criteria be that: (1) sub- 
trochanteric osteotomy should not be per- 
formed in the presence of aseptic necrosis of 
the head; (2) the operation should be per- 
formed in recent cases of nonunion or better 
still when it appears that something has gone 
wrong, to operate and not wait until definite 
failure is established; (3) the operative tech- 
nique should be standardized, and (4) the 
osteotomy should always be combined with a 
bone grafting procedure. 

If these criteria are adhered to we would 
expect the results of subtrochanteric osteot- 
omy to be considerably improved over those 


reported in this series. Any patient who can 
be expected to tolerate an osteotomy per- 
formed in the manner described can also be 
expected to tolerate any other reconstructive 
procedure; all patients who seem not to be 
favorable subjects for this operation should 
have instead of an osteotomy, a reconstruction 
operation. 
SUMMARY 

1. The end results in 33 patients with non- 
union of femoral neck fractures treated by 
subtrochanteric osteotomy are presented. 

2. A reasonably good hip was obtained in 
only 58.8 per cent of the cases. 

3. Subtrochanteric osteotomy is not a sim- 
ple procedure free of shock nor one in which 
the certainty of the end result is assured. 

4. Subtrochanteric osteotomy should not 
be performed in the presence of aseptic ne- 
crosis of the femoral head or of extensive 
degenerative changes. 

5. Osteotomy should always be combined 
with a bone graft. 

6. Subtrochanteric osteotomy should be 
performed in recent cases of nonunion, pref- 
erably as soon as any slipping occurs and 
before definite nonunion is established. 

7. The operation must be carefully planned 
and executed; a poor operation always gives 
a poor result. 

8. Unless the favorable conditions enumer- 
ated are present in the patient a reconstruc- 
tion operation will obtain better results. 
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SURGICAL MANAGEMENT OF 
TRAUMATIC CHYLOTHORAX 


HARRIS B. SHUMACKER, JR., M.D., F.A.C.S., and THOMAS C. MOORE, M.D., 


Indianapolis, Indiana 


UCH of the past literature con- 

cerning traumatic chylothorax 

has been filled with a spirit of 

pessimism which accorded a 50 

per cent mortality to this condition regardless 
of the therapeutic measures employed. Har- 
vey Cushing, in 1898, expressed the sentiment 
of his time concerning wounds of the thoracic 
duct when he stated that the subject was 
usually dismissed with such statements as “‘a 
wound of the thoracic duct is beyond surgical 
treatment.” As late as 1945, Florer and 
Ochsner were still forced to report that the 
“prognosis is grave since there is a 50 per cent 
mortality in cases in which operation has not 
been done, and direct surgery to repair the 
duct has been completely unsuccessful, re- 
sulting in 100 per cent mortality.’’ Lampson 
performed the first successful transthoracic 
ligation of the duct for the cure of traumatic 
chylothorax in 1946. A previous transthoracic 
ligation of the thoracic duct had ended fatally 
at the time of operation, possibly as the result 
of a reaction to the intravenous administra- 
tionof chyle (14). Meade, Head, and Moenand 
Baldridge and Lewis have subsequently added 
to the literature 2 cases of successful trans- 
thoracic ligation of the thoracic duct for the 
relief of traumatic chylothorax. In discussing 
the paper by Meade and his associates, Klep- 
ser mentioned a case of traumatic chylothorax 
in which he had ligated the thoracic duct 
through a right thoracotomy 6 days previous- 
ly. Due to the general attitude of relative 
futility concerning the treatment of traumatic 
chylothorax and the few cases of successful 
surgical treatment thus far recorded in the 
literature, it has been thought desirable to re- 
port 2 additional cases. In both instances the 
patients were infants who were treated oper- 
atively for tetralogy of Fallot. In both of 
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them the resulting chylothorax was managed 
by surgical measures. 


CASE REPORTS 


CAsE 1. The patient was a 2% months old white 
male infant who was admitted to the hospital on 
August 12, 1950, with history and signs suggesting 
the tetralogy of Fallot. The immediate cause for 
admission was an upper respiratory infection as- 
sociated with vomiting and fever. The patient was 
found to have meningitis as well as an upper 
respiratory infection. He made a gradual recovery 
and was well over the infectious processes by the end 
of 2 months. By this time he had lost 2 ounces in 
weight, compared to his weight upon admission, and 
now weighed 8 pounds and 8 ounces, only 15 ounces 
more than his birth weight. He had a hemoglobin of 
17 grams, a red blood count of 5.9 millions, and a 
hematocrit of 58 per cent. Because of frequent 
alarming episodes of intense cyanosis and his general- 
ly poor condition it was felt advisable to proceed 
with operative treatment. The patient was known 
to have dextrocardia. 

On October 13, under endotracheal ether anes- 
thesia, a thoracotomy was performed, the chest being 
entered laterally through the fourth interspace. 
There was a right aortic arch, a moderate increase in 
collateral circulation in the region of the hilar 
structures and in the mediastinum, and a small 
pulmonary artery with obviously reduced pressure. 
The aorta was partially freed but the infant was so 
small that it was evident that application of the 
Potts-Smith clamp to the uppermost portion of the 
descending aorta would necessitate placing the in- 
cision in the aorta too far distally to permit its 
approximation to the pulmonary artery. The sub- 
clavian was long and was of fair size considering the 
small size of the child. Its internal diameter was 
perhaps 2 or 3 millimeters. It was decided to use 
this vessel, and an end-to-side subclavian-pulmonary 
artery anastomosis was accomplished without dif- 
ficulty. A thrill was palpable after the anastomosis 
was completed and the clamps were released. The 
lung was inflated and the chest wall closed in layers 
with interrupted silk sutures, At no time during the 
procedure was the thoracic duct seen nor was escape 
of chylous fluid noted. 

The postoperative course was.uncomplicated until 
the thirteenth postoperative day when, within a 
short period of time, the patient began to show signs 
of rapidly progressive cyanosis and dyspnea. On 
physical examination there was evidence of fluid in 
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Fig. 1. a, left, Roentgenogram made in Case 1 on the 
thirteenth postoperative day. The massive pleural effusion 


the right chest and this was confirmed by roent- 
genographic examination (Fig. 1,a). Prior to this 
time he had maintained excellent color and had done 
well in general. Thoracentesis was performed and 
270 cubic centimeters of milky, odorless fluid were 
removed. The specific gravity was 1.024 and the fat 
content was reported to be 0.5 gram per cent. It was 
found to be sterile. On the following 3 days thora- 
centeses yielded 205, 180, and 265 cubic centimeters 
of chylous fluid, respectively. Since it was ap- 
parent that this infant could not long tolerate such 
large losses of chyle, re-exploration seemed to offer 
the patient the best chance for recovery. 

On October 30, the old incision was reopened and 
the chest was entered and found to be filled with 
chylous fluid. Four hours before operation he had 
been given go cubic centimeters of cream by mouth. 
The chyle was aspirated and the chylous leak was 
observed to be coming from a small opening in the 
mediastinal pleura about 14 centimeters superior to 
the arch of the aorta and in the general region 
previously occupied by the subclavian artery. Al- 
though the duct itself was not distinguishable at this 
point even after the small opening in the mediastinal 
pleura had been enlarged, the leak was stopped by 
the placing of No. ooooo transfixing ligatures along 
the margins of the opening. A small piece of gelfoam 
was carefully packed into this area and fixed in 
place by ligating over it the previously placed 
sutures. No further leak was noted during observa- 
tion. The lung was re-expanded and the chest was 
closed in layers with interrupted silk sutures. 


is evident. b, Eleven days after surgical treatment of the 
chylothorax. There has been no reaccumulation of fluid. 


The patient’s postoperative course was gratifying. 
There was no evidence of reaccumulation of fluid on 
physical or radiological examination (Fig. 1,b). His 
color remained good and his appetite was excellent. 
He was discharged from the hospital on November 
11, weighing 8 pounds and 12 ounces. On November 
27, he returned to the hospital for a brief period 
because of a mild episode of bronchopneumonia. His 
weight at this time was 9 pounds and 12 ounces. The 
patient maintained good color and was discharged 
December 9. A roentgenogram of the chest showed 
no reaccumulation of fluid. Hemoglobin was 16 
grams and red blood cell count 5.2 millions. When 
seen again in January he was doing well. His weight 
was 12 pounds and 1 ounce. 

CAsE 2. The patient was a 12 months old white 
male child who was admitted to the hospital on 
October 25, 1950, with history and physical findings 
suggesting the tetralogy of Fallot. He had been 
watched carefully by his physician and had been 
referred for operative treatment because of rapidly 
increasing hemoconcentration. At the time of ad- 
mission the hemoglobin was 18 grams per cent, 
erythrocytes 9.6 millions, and hematocrit 76. On 
October 30, under endotracheal ether anesthesia, 
a left thoracotomy was performed through the 
fourth interspace. There was considerable increase 
in the collateral circulation in the mediastinum 
and hilar area, and the pulmonary artery obviously 
had reduced pressure. In the freeing of the aorta 2 
pairs of intercostal vessels were transected between 
ligatures. A side-to-side anastomosis between the 











Fig. 2. a, left, Roentgenogram made in Case 2 on the six- 
teenth postoperative day, showing massive pleural effusion. 


aorta and pulmonary artery was accomplished. 
Upon release of clamps, the anastomosis seemed to 
function well. The thoracic duct was not visualized 
nor was any escape of chylous fluid noted during 
operation. The lungs were re-expanded, and the 
chest wall was closed in layers with interrupted silk 
sutures. 

The postoperative course was uneventful until 
the fourteenth postoperative day, at which time the 
patient began to show signs of increasing dyspnea 
and cyanosis. Up until this time his color had ap- 
peared improved and he had done generally quite 
well. Now there was evidence on physical and 
radiological examination of fluid in the chest. A 
thoraceritesis was performed and 170 cubic centi- 
meters of slightly pink milky fluid with a specific 
gravity of 1.026 were removed. It was sterile and 
there was evidence to suggest that the fluid con- 
tained large quantities of fat when it was tested by 
the addition of ether. The protein concentration was 
4.8 grams per cent. Thirty-six hours later, 185 
cubic centimeters of the same milky chylous fluid 
were removed. A roentgenogram made on the six- 
teenth postoperative day showed reaccumulation of 
the fluid (Fig. 2,a); it was felt that surgical inter- 
vention was indicated. 

On November 17, the chest was re-entered through 
the old incision. A large amount of chylous fluid was 
aspirated. The child had been given cream several 
hours before operation. The point from which there 
was a leak of chylous fluid in the pleural cavity was 
easily discovered. It came from a small defect in the 
mediastinal pleura, approximately 1 centimeter 
mesial and cephalad to the area of the vascular 
anastomosis. The duct itself could not be identified 
even though the defect in the mediastinal pleura was 
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b, Roentgenogram made approximately 1 month after 
operative treatment of chylothorax. 


enlarged. However, the leak of chylous fluid could 
be controlled by placing a number of interrupted 
No. oooo00 transfixing ligatures around the circum- 
ference of the defect. Gelfoam was packed into the 
defect and held in place by tying down the pre- 
viously placed ligatures over it. No further leak of 
chylous fluid was noted during the period of ob- 
servation and after re-expanding the lung the chest 
wall was closed in layers with interrupted silk 
sutures. 

The patient did well postoperatively. Thora- 
centesis was performed on the third postoperative 
day and 100 cubic centimeters of sanguineous fluid 
were removed. It was felt that this fluid contained 
some chyle. Three days later, only 20 cubic centi- 
meters of fluid could be aspirated. Repeated roent- 
genograms revealed no evidence of reaccumulation of 
fluid. The patient was discharged in good condition 
10 days after the second operation. At this time the 
hematocrit was 60, the hemoglobin 13 grams per 
cent, and the erythrocyte count 4.5 millions. He 
was seen on December 14, and found to be doing 
well without reaccumulation of pleural fluid (Fig. 
2,b). 





DISCUSSION 


From the standpoint of prognosis it is im- 
portant to differentiate traumatic and non- 
traumatic chylothorax. Nontraumatic chylo- 
thorax is generally associated with diseases 
which are invariably, or frequently, fatal, such 
as lymphosarcoma, Hodgkin’s disease, carci- 
nomatosis, and severe tuberculosis (20). Efforts 
to bring about relief by surgical intervention 
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have proved generally unsuccessful in compar- 
ison with the good results which have been 
obtained in traumatic chylothorax (12, 16). 

Excellent summaries of the literature have 
been made by Shackelford and Fisher in 1938 
and by Lampson in 1948. They collected a 
total of 70 cases of traumatic chylothorax. 
Four additional cases have subsequently been 
reported (1, 6, 12, 15). In 71 of the cases in 
which the causative trauma was mentioned, it 
was a nonperforating injury in 47 cases, a per- 
forating gunshot or stab wound injury in 19, 
and inadvertent surgical trauma in 5. All 5 of 
the patients in whom chylothorax developed 
after operation had been operated upon in re- 
cent years; the operative procedure performed 
being lumbodorsal sympathectomy in 3 cases 
(1, 14, 19), posterior resection of the ninth and 
tenth ribs for Ewing’s tumor in 1 case (18), 
and left apicopneumonolysis in 1 case (3). 

The interval between the trauma and the 
initial symptoms of chylothorax may range 
from a few days to months or even years. The 
diagnosis is suggested by the appearance of 
dyspnea and physical and radiologic evidence 
of an accumulation of fluid within the thorax; 
it is confirmed by the aspiration on thoracen- 
tesis of milky chylous fluid. This fluid is sterile, 
alkaline, and odorless, has a specific gravity 
of more than 1.012 and a high fat content. The 
fat is usually present as a suspension of minute 
globules which may be stained by lipophilic 
coal tar dyes such as Sudan III. It has also 
been demonstrated that there usually occurs a 
marked fall in the number of circulating lym- 
phocytes and eosinophils following thoracic 
duct ligation or perforation (8). 

Death from traumatic chylothorax general- 
ly occurs as the result of progressive inanition 
in those cases in which asphyxia from mechan- 
ical compression has been prevented by re- 
peated thoracenteses or closed drainage. It 
has been shown that the flow of chyle through 
the thoracic duct may range from 60 to 190 
cubic centimeters per hour (9). The metabolic 
dénouement which follows perforation of the 
thoracic duct and the resultant daily loss of 
large quantities of nutritionally rich chylous 
fluid is therefore easily understood. Fortu- 
nately, infection is generally not a problem 
in the management of traumatic chylotho- 
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rax. The explanation for this occurrence was 
given by Lampson when he demonstrated that 
chyle is bacteriostatic. 

The treatment of traumatic chylothorax 
should be directed toward the relief of mechan- 
ical compression, the maintenance of nutri- 
tion, and measures to halt the loss of chylous 
fluid. The problem of mechanical compression 
can generally be controlled with relative ease 
by careful observation and repeated thora- 
centeses or by closed drainage. Avoidance of a 
high fat diet with a substitution of parenteral 
feedings may be helpful in reducing the 
amount of chyle accumulated. A continued 
loss, however, of large quantities of chyle pre- 
sents a very difficult nutritional problem. For 
this reason it seems unwise to postpone surgi- 
cal intervention unduly long until the patient’s 
failing nutritional status makes him a poor 
surgical risk. Replacement of the aspirated 
chyle by means of intravenous administration 
was introduced in 1908 by Oeken. Although 
several authors have employed this method 
without mishap (4, 10), 2 cases of sudden 
death following its use have been reported 
(14, 19). It would accordingly appear that 
the intravenous administration of chyle is too 
hazardous for general application. Efforts to 
treat traumatic chylothorax by collapse meth- 
ods such as crushing the phrenic nerve, pneu- 
moperitoneum, pneumothorax, and thoraco- 
plasty have proved unsuccessful in the major- 
ity of cases (1,7). In the past few years direct 
surgical attack upon the thoracic duct system 
has been demonstrated to be the most reliable 
method of handling this problem. The thoracic 
duct can be ligated without harm due to the 
presence of numerous collateral communica- 
tions with the lumbar, intercostal, and az- 
ygous veins. The wealth of these collateral 
channels has been demonstrated by Lee (8), 
and Freeman, as has been their variability. 

Since 1946, 5 cases of transthoracic ligation 
of the thoracic duct, including our own 2 cases, 
have been reported. In all of them the chyio- 
thorax was cured and there were no deaths. 
An additional case has been mentioned in the 
literature although the final result is not 
known, the patient having been operated upon 
only 6 days beforehand. In 1 additional case 
the thoracic duct was successfully ligated in 
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the neck (11), while in a second case it was 
ligated retrosternally through a neck incision 
(15). To be sure, one death occurred upon the 
operating table in 1943, possibly as the result 
of intravenous administration of chylous fluid, 
and it is possible that other fatal cases may not 
have been reported. However, the results in 
general are in striking contrast to the concept 
formerly held that surgical ligation of the 
thoracic duct would carry a prohibitively high 
mortality. The uniformly successful outcome 
in the recently reported cases treated by sur- 
gical intervention is also notably in contrast to 
the reported 50 per cent mortality from non- 
operative methods of treatment. 

The operation is facilitated if the patient is 
given fat, in the form of cream, several hours 
before operation since this increases the flow 
of chyle from the point of leakage. In both of 
our cases, the site of the chylous leak was 
identified easily and satisfactorily controlled 
by multiple transfixing ligatures. Further ex- 
periences will help settle the question whether 
the problem is better attacked by efforts to 
locate and ligate the point at which the duct is 
injured, or to attempt treatment by ligating 
the duct proximally just above the diaphragm. 


SUMMARY 


1. The literature concerning traumatic 
chylothorax is briefly reviewed, with emphasis 
upon its operative correction. 

2. Two cases of traumatic chylothorax oc- 
curring after surgical treatment of the tetra- 
logy of Fallot in infants are reported. In both 
cases the chylothorax was treated satisfactor- 
ily by a multiple ligation procedure at the site 
of the chylous leak. 

3. The operative treatment of traumatic 
chylothorax by direct surgical attack upon the 


thoracic duct system is recommended in pref- 
erence to the less successful and more hazard- 
ous nonoperative method. 
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THE EFFECTS OF HYPERCAPNIA AND HYPOXIA ON THE 


RESPONSE OF THE HEART TO VAGAL STIMULATION 


W. GLENN YOUNG, JR., M.D., W. C. SEALY, M.D., JEROME HARRIS, M.D., and 
ARNOLD BOTWIN, M.D., Durham, North Carolina 


ARDIAC arrest constitutes a major 
catastrophe that is incident to all 
types of surgery. Ziegler has called 
attention to the frequency of this ac- 

cident in operations on patients with cyanotic 
heart diseases. In 80 per cent of his 175 cases 
some type of arrhythmia occurred. Nine of 
the patients died from cardiac arrest that was 
first manifest as a persistent bradycardia. In 
our clinic there were 2 such cases, and like 
some of Ziegler’s patients, the actual degree of 
cyanosis was less during the interval immedi- 
ately preceding the bradycardia than when 
the patient was awake. This suggested the 
possibility that physiologic disturbances other 
than hypoxia might be important in initiating 
cardiac arrest. In addition to the direct stim- 
ulation of the vagus by the manipulation of 
the great vessels and nerve, interference with 
the elimination of carbon dioxide most cer- 
tainly occurs in operations for tetralogy of 
Fallot. The frequency and importance of car- 
bon dioxide retention in open chest cases has 
been emphasized by Beecher, and in one of 
our cases of tetralogy of Fallot (Chart 1) a 
drop in pH from 7.3 to 7.0 occurred during the 
operation. Patients with a right to left shunt 
in the heart, as well as inadequate blood flow 
to lungs would theoretically have greater dif- 
ficulty than the usual open chest patient, in 
eliminating carbon dioxide. 
It has been shown by Gesell and Heymans 
that the vagal effect on the heart is increased 
by hypercapnia. Because of the likelihood 
that carbon dioxide retention is present in 
open chest cases and vagal stimulation can oc- 
cur, it appeared worth while to investigate 
further the combined effects on the heart of 
vagal stimulation and hypercapnia. Since 
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varying degrees of hypoxia are also likely to 
occur, the effects of the hypoxia and hypoxia 
plus hypercapnia on the response of the heart 
to vagal stimulation were included in the ex- 
periments. 

METHODS 

Continuous strong faradic stimulation of 
the intact cervical vagus nerve in the dog pro- 
duces a temporary cardiac asystole followed 
by vagal escape with resumption of normal 
rhythm at a slower rate. The duration of 
asystole prior to vagal escape was found to 
vary from dog to dog, but in the individual 
animal it was surprisingly constant on re- 
peated stimulation under the same conditions. 
The effectivepess of various changes in blood 
pu and oxygen concentrations of the inspired 
air in altering vagal action was determined by 
the duration of asystole during a continuous 
standard vagal stimulation. 

Twelve adult mongrel dogs without pre- 
medication were anesthetized with intraven- 
ous sodium pentobarbital, 30 milligrams per 
kilogram of body weight. The right vagus 
nerve was exposed in the neck and a shielded 
electrode attached to it. Faradic stimulation 
was applied from a Harvard inductorium set . 
at 6 centimeters. Electrocardiographic trac- 
ings were obtained by means of a Sanborn 
visiocardiette, standard lead II being used. 

Varying gas mixtures were administered 
with an endotracheal catheter fitted with an 
inflatable cuff connected through a one-way 
valve system to an anesthesia bag so as not to 
allow rebreathing. Percentages of oxygen, 
carbon dioxide, and nitrogen entering the bag 
were estimated by means of flow meters and 
checked by the Scholander method. 

Blood from the femoral artery was collected 
in oiled-heparinized syringes, and the whole 
blood pH was determined by a Beckman glass 
electrode pH meter after 3 minutes were al- 
lowed for the blood to come to room tem- 
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Chart 1. Chart demonstrating the changes in blood px observed in a 21 year old male 
patient undergoing a left subclavian pulmonary artery anastomosis for tetralogy of Fallot. 


Cyclopropane-oxygen-curare anesthesia. 


perature. The px was corrected to a temper- 
ature of 38 degrees centigrade, the following 
formula being used: corrected pH = observed 
pH — 0.0147 (38-t). 

Control electrocardiographic tracings, blood 
pH, and responses to vagal stimulation were 
obtained. Similar observations were made 
throughout the experiment with the animal 


receiving various concentrations of oxygen, 
nitrogen, and carbon dioxide. 


RESULTS 


Hypercapnia. The g dogs used in this ex- 
periment were given a breathing mixture of 
20 per cent carbon dioxide and 80 per cent 
oxygen. There was, as expected, an imme- 
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Chart 2. The effect of hypercapnia and reduction of blood x on the duration of cardiac asys- 
tole caused by the faradic stimulation of the vagus nerve. 
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Chart 3. The effect of a period of hypoxia, followed by a period of hypercapnia 
and reduction of blood px on the response of the heart to vagal stimulation. 
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diate increase in the depth and rate of respira- With the drop in arterial px, usually to just 
tion. The arterial blood px fell rapidly to below 7.0, there was in every animal a con- 
approximately 7.0 in about 5 minutes and de- stant increase in the duration of cardiac asys- 
creased steadily until, after 10 to 40 minutes, tole during vagal stimulation (Chart 2). As 
pu values as low as 6.6 to 6.7 were recorded. the px diminished further, the duration of 
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asystole increased. When the animal was 
again given 100 per cent oxygen, the rise in 
pH was accompanied by a decrease in the dura- 
tion of asystole during stimulation until a 
normal response occurred. 

In 3 animals atropine, 0.6 milligram given 
intravenously when the px was below 7, abol- 
ished the effect of vagal stimulation. 

Hypoxia. With one exception the experi- 
ments on the effects of hypoxia were carried 
out in animals that were given other breathing 
mixtures, either before or after the low oxygen 
period. Twelve animals were used to demon- 
strate this. Breathing mixtures containing 10 
per cent oxygen and go per cent nitrogen con- 
sistently decreased the period of cardiac asys- 
tole from vagal stimulation in all the dogs. 
In 3 animals 15 per cent oxygen concentrations 
gave the same effect as did 10 per cent oxygen. 
In some experiments periods of hypoxia for as 
long as 30 minutes still reduced the duration 
of asystole. These changes are well shown in 
Charts 3 and 4. 

Hypercapnia and hypoxia. The studies of 
the effect of hypercapnia and hypoxia on the 
response of the heart to vagal stimulation 
were carried out in g dogs. A typical response 
is shown in Chart 4. The dogs were first 
allowed to breathe 100 per cent oxygen to ob- 
tain a control reading, then given ro per cent 
oxygen mixtures for control on hypoxia alone, 
and then carried to 20 per cent carbon dioxide 
and 80 per cent oxygen for studies of the effect 
of this respiratory state. With the carbon 
dioxide maintained at 20 per cent the oxygen 
of the inspired air was then reduced to 10 
per cent and nitrogen was raised to 70 per cent, 
and as a result of this change there was always 
a marked decrease in the duration of asystole 
due to vagal stimulation. 

There was noted throughout all the exper- 
iments a marked tolerance of all the animals 
for inspired air containing 20 per cent carbon 
dioxide. This was always followed by a 
prompt return of blood px levels to normal on 
breathing 100 per cent oxygen or room air 
(Chart 2). All the animals reported in this 
experiment survived this drastic interference 
with respiration. Further investigations of the 
effect of prolonged and more severe hyper- 
capnia on the heart are now in progress. 


DISCUSSION 

From our experiments it has been demon- 
strated again that the effects on the heart of 
vagal stimulation are greatly enhanced by 
hypercapnia. The mechanism whereby these 
effects on the heart are accentuated has been 
suggested by other observers. Andrus has 
shown that the perfused turtle’s heart is more 
sensitive to vagal stimulation when in an acid 
media; and Mann observed, in vitro, that the 
production of acetylcholine in the brain was 
increased in similar media. On stimulation of 
the vagus nerves in hypercapneic dogs, the 
response was found to be hyperactive by Hey- 
mans and associates. 

The antagonistic effect on vagus stimula- 
tion of hypoxia and hypercapnia is of partic- 
ular interest. In all our experiments this was 
marked and could have been due to the marked 
stimulation of the adrenal and sympathetic 
systems that occurs with hypoxia (4, 7). Hey- 
man’s observations during similar respiratory 
states indicated that mild degrees of hypoxia 
enhances the effects of vagal stimulation while 
severe degrees of hypoxia paralyzes the vagus. 
Our observations are not consistent with this 
finding. Concentrations of 15 per cent oxygen 
on the inspired air served to decrease the pe- 
riod of asystole as did ro per cent. Sloan’s 
observations on severe hypoxia and hyper- 
capnia combined with vagal stimulation are 
similar to the results reported here. 

There has long been much speculation as to 
the effect of stimulation of the vagus on the 
development of cardiac arrest. If Ziegler’s 
observations on the appearance of bradycar- 
dia before cardiac arrest can be interpreted as 
increased vagal tone, then these experiments 
indicate that hypercapnia, which occurs fre- 
quently in open chest operations could be an 
important factor in the development of the in- 
creased vagal tone. Hypoxia may be of great 
importance in conditioning the cardiac muscle 
to eventual failure, but our observations 
where 10 per cent oxygen was used indicate 
that hypoxia markedly decreases vagal effect. 
In these experiments, all carried out on nor- 
mal dogs, cardiac standstill did not occur. It 
is felt, however, that these observations clearly 
show that unless adequate pulmonary ventila- 
tion is carried out during anesthesia the result- 
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ing carbon dioxide retention may very greatly 
augment the effect of any vagal stimulation 
that might occur during operation. 


CONCLUSIONS 


1. Hypercapnia caused by breathing 20 per 
cent carbon dioxide mixtures until the blood 
pH is reduced enhances the effect of vagal 
stimulation on the heart. 

2. Hypoxia caused by breathing 10 per cent 
oxygen mixtures, even when combined with 
hypercapnia and low blood pu, diminishes the 
effect of vagal stimulation on the heart. 

3. The probable role of hypercapnia in the 
initiation of cardiac arrest during open chest 
operations is discussed. 
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PERCUTANEOUS FEMORAL ARTERY CATHETERIZATION 
IN MAN WITH SPECIAL REFERENCE TO AORTOGRAPHY 


E. CONVERSE PEIRCE, II, M.D., Baltimore, Maryland 


ERCUTANEOUS catheterization of 

the femoral artery in man is a valuable 

procedure not previously explored. By 

means of a large standard hypodermic 
needle a catheter may be readily introduced 
by the femoral route into any portion of the 
aorta and employed to inject diodrast for 
roentgenography or for other studies. Con- 
trast aortography may be effected simply with 
a minimum of equipment and personnel. The 
examiner can be outside the x-ray field, the 
patient readily positioned, and repeated expo- 
sures made with no necessity for haste. At 
the completion of the procedure the catheter 
is withdrawn without the necessity for surgi- 
cal repair of an artery. In our hands, few com- 
plications of arterial catheterization per se 
have resulted, although several serious reac- 
tions to the cerebral injection of diodrast have 
occurred. Since other methods of contrast vis- 
ualization of the aorta are generally more com- 
plicated and time consuming, entail unusual 
risks, or are less reliable, the aorta is frequently 
inadequately examined. Interest in aortog- 
raphy is shown by a rather large number of 
recent papers, none however, based on major 
technical improvement (13, 15, 17, 26, 27). 
Despite the hazards of injecting contrast me- 
dia into the aorta it is believed that the pres- 
ent method carefully applied will prove a sub- 
stantial aid in more adequate examination of 
the aorta and its branches. 

This technique was developed over a 3 year 
period in order to facilitate several research 
projects in dogs (16, 29). It was found to be 
simple, reliable, and without great danger for 
visualization of any portion of the canine aorta 
(28), and the method was tried in humans. 
To date, 57 human catheterizations have been 
carried out. Previously, catheterization via the 
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exposed axillary artery had proved very tedi- 
ous and a thrombosis occurred in 1 of 2 cases. 
Percutaneous axillary artery catheterization, 
likewise, was found to be very difficult. In 3 
cases, 2 were unsuccessful, and in 1 of these a 
temporary neuritis resulted. Although axil- 
lary artery catheterization can probably be 
satisfactorily developed, it has been aban- 
doned by us in favor of the easier, less dan- 
gerous, and generally more satisfactory fem- 
oral artery route. 


MATERIALS AND METHOD 


The technique of thoracic aortography is 
described in detail as this is the most exacting 
procedure. Specifications and uses of the vari- 
ous arterial catheters are given in Table I. 
Two inch short bevel needles are employed 
for passing the catheters, and. needles filed 
blunt are inserted into the distal catheter end. 
Fluoroscopy is required when the catheter is 
passed high in the aorta. Morphine sulfate is 
a useful premedication for contrast roentgen- 
ography with diodrast, and abdominal films 
are more satisfactory when the patient is suit- 
ably prepared with cathartics or enema. 

The fasting patient is placed on his back on 
the fluoroscopy table. A pillow is placed un- 
der the knee and the thigh abducted better to 
expose the femoral triangle. The groin is 
shaved, prepared aseptically, and draped with 
towels. The skin and subcutaneous tissues 
over the upper femoral artery are infiltrated 
with a local anesthetic agent. A straight 36 
or 42 inch, 12 gauge polyethylene catheter 
(19) (sterilized by 18 hour immersion in aque- 
ous zephiran hydrochloride 1:1000) is care- 
fully inspected for kinks and discarded if any 
are found.” The catheter is fitted at one end 
with a blunt 17 gauge needle, filled with dilute 
heparin in isotonic saline, and closed with a 


1A 24 inch catheter inserted about 15 inches is suitable for 
renal arteriography. 
2Catheters are very inexpensive and are discarded after use. 
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needle plug. The free beveled catheter end is 
passed through a stopcock’ and 12 gauge 
needle to check their patency (Fig. 1a) and 
then withdrawn. A 20 cubic centimeter sy- 
ringe, half filled with dilute heparin in isotonic 
saline, is attached to the stopcock-needle com- 
bination after the skin has been punctured. 
The needle is then advanced squarely into the 
femoral artery guided by its pulsations, care 
being taken to have the needle bevel cut the 
artery longitudinally rather than transversely, 
as less bleeding results. Care is exercised not 
to withdraw the needle once it has entered the 
artery, since replacement may be made diffi- 
cult by blood leakage. Unless blood pushes 
vigorously into the syringe, the needle is not 
properly placed. After correct needle place- 
ment, the stopcock is closed and the syringe is 
removed. The beveled catheter is started into 
the stopcock; this is then opened, and the 
catheter is slowly pushed into the artery for a 
distance of about 6 to 12 inches. When resist- 
ance at the needle tip is encountered the cath- 
eter is never forced as this may kink the tub- 
ing and render it impossible to pass. If kink- 
ing occurs, the catheter is replaced with a new 
one. It may be withdrawn into the needle and 
the latter moved slightly if an attempt to in- 
sert the catheter is not successful. Generally 
some practice is required before catheteriza- 
tion is carried out easily. When the polyethy- 
lene tube is properly placed, the needle is with- 
drawn, pressure being applied for several min- 
utes over the site of puncture to prevent bleed- 
ing. Persistent slow bleeding may rarely re- 
quire continued pressure during the remainder 
of the examination or during manipulation. 
The tube is clamped with a rubber-shod hemo- 
stat, the 17 gauge needle is removed, the large 
needle and stopcock slid off the free catheter 
end, and the 17 gauge needle reinserted. 

The catheter is now filled with 70 per cent 
diodrast, the rubber-shod hemostat being used 
to prevent bleeding, and passed to the desired 
point, fluoroscopic control being used as neces- 
sary. Passed blindly, the catheter usually fol- 
lows the normal aorta to the aortic valve, and 
need be checked only after it is inserted the 
desired distance. Any resistance means that 


1The stopcock is drilled out with a No. 47 wire gauge drill to 
make it fit the No. 12 catheter. This is a simple operation. 


TABLE I.—SPECIFICATIONS AND USES OF 
POLYETHYLENE ARTERIAL CATHETERS 


| | 

| | Approxi-| 
| | mate | 

cal | Fits maxi- | 
iecdie needle mum | 
volume | 
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Arbi- | Size: Length, | 
trary | inside and out- 
designa-| side diameter. | 
i | inches | 


Recom- 
mended 
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Blood 
pressures 

Blood 
samples 


Ol D., o. 048 


Length, 15 


i L D., o. 047 
Peripheral 
0. D., arteriog- 

- raphy 


oO. oc} 


Length, 15 

“Aortograpby 
(arterial 
transfu- 
sion)** 


LD., 0.055 st8 | N 
— | c.c./sec. | 
| OD., 0.075 | 


Length, 36 





*Hand injection of water with 10 or 20 c.c. syringe. The flow is some- 
what less with 70 per cent diodrast against arterial pressure. 

tNo. 14 gauge, 2 inch, thin wall. 

tA size I.D. 0.053 inch, O.D. 0.085 inch has been used but passes 
through the needle + ith difficulty. 

§A size I.D. 0.062 inch, O.D. 0.082 inch made expressly for aortography 
is now under trial and appears to offer definite advantages. This catheter 
has about 35 per cent greater volume flow than the catheter listed above 
and about twice the volume flow of a No. 8 F Cournand cardiac catheter. 
It will pass through a stopcock drilled out to #/32 inch. Some brands of 12 
gauge needles appear not to be smooth enough inside to accept this 
catheter regularly although their inside diameter is 0.085 inch. 

||A specially made Tuohy point needle appears to offer some advan- 
tages in directing the catheter into the vessel lumen but increases the 
danger of shearing off the catheter. 

**For arterial transfusion, as short a section of catheter as possible 
should be used. 


the tip has met some obstruction. When 
transportation of the patient is required, a 
small sterile dressing is applied and the cath- 
eter is securely taped to the patient’s skin 
(Fig. 1b). Any unwanted catheter length is 
disposed of at this time simply by the cutting 
of the catheter and the reinsertion of the 17 
gauge needle. The catheter is kept filled with 
dilute heparin-saline; a continuous drip is not 
necessary. 

Approximately 20 to 25 cubic centimeters of 
70 per cent diodrast is used for aortography 
(10 cubic centimeters for peripheral arteriog- 
raphy). This is placed in a regular 20 cubic 
centimeter syringe and injected by hand over 
a period of 3 to 5 seconds, while the patient is 
performing the Valsalva maneuver? (13) the 
exposure being made just before the end of 
injection. The patient is warned that he will 


2Five to 10 seconds after the patient begins a forced expiratory 
effort against a closed glottis, there is usually a blood pressure 
fall and a slowing of the circulation which makes a heavier dye 
concentration possible. This maneuver can result in vascular 
accidents and should not be employed in doubtful cases or in 
instances where there is a possibility that concentrated diodrast 
will enter the cerebral circulation. 
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Fig. 1. a, left, Basic equipment for thoracic aortography consists of a 12 gauge nee- 
dle, specially drilled stopcock, 36 or 42 inch polyethylene catheter 0.055 or 0.062 inch 
in inside diameter, a blunt 17 gauge needle, and a needle plug. b, A catheter has been 
inserted percutaneously into the left femoral artery, filled with saline-heparin, closed 
with a needle cap, and taped securely to the thigh. 


experience some pain or burning during the 
injection and a feeling of warmth immediately 
afterward. The position of the catheter tip is 
always checked by a roentgenogram immedi- 
ately before diodrast is given (Fig. 2a and b). 
Injection is not made unless the catheter tip is 
in the aorta, or in the absence of free back 
bleeding. Unless essential, the tip is not 
placed in the aortic arch proper. The diodrast 
used for positioning the catheter serves as a 
sensitivity test. The syringe and catheter 
should be air free since gas bubbles may act as 
serious emboli, especially to the brain. 

The catheter is repositioned blindly by with- 
drawal when films at several aortic levels are 
desired, and patients are moved to new posi- 
tions without fear of dislodging the catheter. 
Bucky films at 1/10 second, hard enough for 
bone detail, are suitable for aortography. 
Serial films have occasionally been made with 
the use of an angiocardiographic tunnel but 
this appears ordinarily to offer no advantages. 
Catheters are frequently left in place for sev- 
eral hours, and during this time may be used 
for securing blood samples or blood pressure 
tracings with the Sanborn electromanometer. 


Withdrawal of the catheter after use usually 
results in momentary brisk bleeding and re- 
quires one precaution, firm continuous pressure 
at the site of puncture for about 5 minutes. The 
groin is then inspected and if no hematoma is 
forming and free bleeding has stopped, a 
small dressing is applied to remain for 24 
hours. The patient is kept in bed for 2 to 4 
hours after catheterization, following which he 
resumes his preoperative status. 


RESULTS 


An attempt was made in 64 instances to 
catheterize a major artery. The combined re- 
sults are given in Table II. 

Axillary artery. In 2 cases the left axillary 
artery was exposed by “cut-down” and a 
catheter passed into the aorta. The first case 
resulted in an excellent picture of an aortic 
coarctation (Fig. 3), but because of a technical 
error resulting in a bent catheter tip, the 
intima was traumatized and a benign axillary 
artery thrombosis ensued. In the second case, 
wide patency of an aortic graft for coarctation 
was demonstrated, but since the dye was in- 
jected through a small catheter in the direc- 
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Fig. 2. a, left, A catheter filled with 70 per cent diodrast has been passed into one 
of the branches of the aortic arch. This is incorrectly placed and injection of 70 per 
cent diodrast in this position is dangerous and may cause cerebral damage. b, The 
catheter is here correctly placed in the distal ascending aorta and injection may be car- 
ried out safely. Both films in left posterior oblique position. 


tion of the blood flow, a poor roentgenogram 
resulted. In 3 instances, catheterization of the 
axillary artery without “cut-down” was at- 
tempted but in 2 was unsuccessful. A tran- 
sient neuritis was produced in 1 unsuccessful 
case, and in the successful catheterization, un- 
critical injection of diodrast while the catheter 
tip was in a small artery resulted in a severe, 
though fortunately not permanent, brachial 
plexus palsy (24). 


TABLE II.—ARTERIAL PERCUTANEOUS CATHE- 
TERIZATION 





Femoral 
complications 


Size of 


Axillary 
catheter 


complications 


Cut 
down 
No. 12 





-- 1 Thrombosis 
1 Transient hemi- 
plegia 





2 Failures 2 Failures 

1 Decreased exercise 1 Brachial plexus 
tolerance pals; 

1 Transient neuritis 


No. 13 

















No. 15 21 





Total catheterizations....... 
ROCA CUE COWS cc<. 66 ce eee cee 

Complications............... 
Total percutaneous 

Successful 

Significant complications 


Femoral artery. In 59 instances where 


femoral artery catheterization was under- 
taken failure occurred in only 2. In 57 com- 
pleted catheterizations, the primary purpose 


Fig. 3. Coarctation of the aorta in a 7 year old white 
male. The aortogram was made by inserting a 13 gauge 
catheter by “‘cut-down” into the left axillary artery. Note 
the collateral circulation and the post stenotic dilatation of 
the aorta. Some barium is present in the stomach. Right 
posterior oblique position. 





SURGERY, GYNECOLOGY AND OBSTETRICS 


a 


Fig. 4. A 65 year old negro male with a large abdominal 
mass. a, A gastrointestinal series shows marked displace- 
ment of the stomach by the mass. b, A 13 gauge catheter 
passed via the right femoral artery traverses a tortuous iliac 
and abdominal aorta to enter the left renal artery. Inser- 
tion of the catheter to a higher aortic level was not possible 
because of the catheter deflection. Injection of any consid- 


was roentgenographic studies in 29, securing 
blood samples during cardiac catheterization 
or other special tests in 18, obtaining blood 
pressures in 8, and administering blood during 
operations in 2 (Table III). 

Passage of the catheter to the desired level 
was possible with the following exceptions: 
(1) Large aneurysms in several instances 
caused sufficient aortic deformity to misdirect 
the catheter. An abdominal aneurysm re- 
sulted in deflection of the tip into a renal 
artery (Fig. 4b) and aneurysms of the aortic 
arch tended to arrest the catheter or direct it 


TABLE III.—PRIMARY PURPOSE OF CASES OF 
SUCCESSFUL PERCUTANEOUS FEMORAL 
CATHETERIZATION 








Blood 
samples 


Blood 
pressure 


Size of | Roentgen- 
catheter ograms 


No. 12 22 2 


Trans- 
fusion 





No. 13 7 ° 





No. 15 ° 4 ° 


Total 29 2 

















Cc 


erable volume of dye in this position is hazardous since the 
catheter may occlude the artery it enters. c, Injection of 
20 cubic centimeters of 70 per cent diodrast clearly demon- 
strates the marked aortic tortuosity and fills the lower por- 
tion of an aneurysm by retrograde force. Some evidence of 
dye extravasation is seen in the right kidney. Barium is 
present in the transverse colon. 


into the innominate or left carotid artery 
(Fig. 5). (2) In 1 case the catheter could not 
be passed beyond the bifurcation of the aorta. 
The patient was a severe hypertensive and the 
vessels in the region of the bifurcation may 
consequently have been distorted, but the 
exact reason for failure is not known. (3) Where- 
as all 3 branches of the aortic arch were occa- 
sionally entered, it was not possible to enter 
them at will. In 2 cases where visualization of 
the circle of Willis was desired, the catheter 
failed to enter either the innominate artery or 
the left common carotid artery. The catheter 
tip was passed with ease into the ascending 
aorta in every instance where this was de- 
sired, and the configuration of the aorta was 
fairly normal. 

Excellent roentgenographic visualization of 
the aorta and large branches was always pos- 
sible when the catheter tip was at the appro- 
priate aortic level (Figs. 6, 7, 8) and a 12 
gauge catheter was used. The Valsalva 
maneuver carried out as advocated by Free- 
man and associates definitely appeared to 
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Fig. 5. A 64 year old negro male had an unusually large supracardiac shadow 
thought to be a syphilitic aneurysm. The tip of a 12 gauge catheter was not lo- 
cated properly and large amounis of 70 per cent diodrast were injected directly 
into both the innominate and the left common carotid arteries. A transient left 
hemiplegia ensued, almost certainly attributable to this error. The course of the 
catheter and the distortion of the innominate artery are pathognomonic of aneu- 
rysm. The constriction in the left common carotid artery is probably due to 


syphilitic arteritis. 


improve the quality of the pictures. Even 
when the catheter could not be inserted as far 
as desired diagnostic retrograde films were 
obtained since dye was injected against the 
current of blood (Fig. 4c). No advantage was 
found in using volumes of 70 per cent diodrast 
in excess of 20 to 25 cubic centimeters. 

As has been noted, patients were warned 
that they would experience discomfort during 
the injection and flushing following. Pain was 
infrequent in thoracic injection, occasionally 
moderate in abdominal studies, and, in a few 
instances, severe in peripheral arteriography. 
It was usually referred to large muscle masses 
in the region of injection. Patients were gen- 
erally co-operative to the point of willingly 
submitting to additional films and frequently 
commented that the discomfort was much 
less than expected. Pain when it occurred was 
of momentary duration. The following flush 
was also transient but occasionally it was 
accompanied by nausea and rarely by vomit- 
ing. We do not feel that any of these reactions 
were sufficient to justify anesthesia as has 
been employed by others (15). 

Table IV shows the results of roentgenog- 
raphy in 22 cases where the dye was injected 


into the aorta. Satisfactory films were ob- 
tained in all instances except those involving 
the cerebral circulation.’ A number of puz- 
zling diagnostic problems were simply re- 
solved and not infrequently patients were 
spared unnecessary major operations. In 
other cases information essential to intelligent 
surgery was made available. 

There was considerable variation in the ease 
with which individual patients were cathe- 
terized. Excluding early attempts, obese in- 


TABLE IV.—ARTERIOGRAM RESULTS— 
PERIPHERAL ARTERIOGRAMS EXCLUDED 


Arteriovenous fistula, femoral artery....... Diagnostic 
Aneurysm thoracic aorta Diagnostic 
Aneurysm left subclavian artery..........Diagnostic 
Aneurysm innominate artery Diagnostic 
Occlusion abdominal aorta or iliac artery... Diagnostic 
Aneurysm abdominal aorta Diagnostic 
Carcmiomin of Inge. ..< 2. scccned Aneurysm excluded 
Renal arteriograms Satisfactory 
Aneurysm circle of Willis Unsatisfactory 
Calcified hematoma right brachial 
(REO osc s edu mee anive ensued Aneurysm excluded 
Iliofemoral thrombophlebitis 
Arterial occlusion excluded 
Cirsoid aneurysm right pelvis............. Diagnostic 
Dissecting aneurysm thoracic aorta. ......Satisfactory 


eno NH NW 


'In the single case in which the catheter could not be passed 
above the aortic bifurcation, no aortogram was attempted. 
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Fig. 6. a, left, Essentially normal distal arch and descending thoracic aorta in 
a 50 year old male with a tumor mass eroding the sternum. Films were taken to 
outline the sternum and this was accomplished but cannot be seen in the photo- 
graph. Left posterior oblique position, 12 gauge catheter. b, Case 1. A large 
right thoracic mass and a completely normal aortic shadow are seen. The cathe- 
ter tip is immediately above a sinus of Valsalva which is outlined. Right poste- 
rior oblique position, 12 gauge catheter. A 61 year old negro male. 


dividuals were the most difficult. On a num- 
ber of occasions, sizable extravasations with 
discoloration resulted during introduction of 
the catheter. In no instance, however, did this 
result in increased morbidity, infection, or 
secondary hemorrhage. The only significant 
local complication occurred when a catheter 
was passed through a pulseless femoral artery 
to the abdominal aorta.! The nature of the 
arterial block was not known until the roent- 
genogram demonstrated almost complete ob- 
literation of the aortic bifurcation and proxi- 
mal iliac arteries (Fig. 9). In this patient 
severe intermittent claudication was some- 
what increased following the procedure sug- 
gesting possible further thrombotic occlusion. 
There has been only a single complication of 
diodrast.? A transient left hemiplegia ensued 

1Since preparation of this paper, there has been a case of femoral 
artery circumflex iliac vein fistula in a patient with a blood 
pressure of 270 systolic, 170 diastolic. This was noted 28 days 
after aortography. The fistula was readily repaired under local 
anesthesia. 

2Since this was written a serious right hemiplegia and aphasia 
lasting several days has occurred following an injection of 20 
cubic centimeters of 70 per cent diodrast into the aortic arch of a 
35 year old man. The patient was performing an excellent Val- 
salva maneuver which may have contributed to the result since 
only a fraction of the injected diodrast could have reached the 
cerebral circulation. This illustrates the marked sensitivity of 


the brain to higher concentrations of the diodrast group (3,4). 
The case will be reported in detail. 


following the injection of a rather large vol- 
ume of 70 per cent diodrast directly into the 
innominate artery as a result of malposition- 
ing of the catheter tip in a large aortic aneu- 
rysm. The hemiplegia occurred about 30 min- 
utes after completion of the examination and 
lasted approximately 20 minutes. Recovery 
was complete (Fig. 5). 

The catheters generally remained in place 
for several hours only but in 1 case a catheter 
was left in place for 3 days (33) (Fig. 10). In 
no instance did a catheter fail to function 
properly despite the fact that a continuous 
infusion to insure catheter patency was never 
used. Continuous infusion of large fluid vol- 
umes has been reported by others (15) but 
appears to be both cumbersome and unjusti- 
fiably hazardous especially in the case of 
cardiovascular patients. 


CASE REPORTS 


CasE 1. A 61 year old negro male entered the hos- 
pital complaining of headaches, shortness of breath, 
and a feeling of fullness in the neck of approximately 
1 month’s duration. The patient had had a recurring 
productive cough for many years. Ona previous ad- 
mission, 6 years earlier, a definitely abnormal right 
mediastinal shadow was noted on a routine chest 
film but this was not followed up. 














Physical examination on admission to the hospital 
showed the patient to have distended neck and arm 
veins and prominent veins over the upper thorax es- 
pecially on the right. The right upper chest was flat 
to percussion, there was an increase in tactile fremi- 
tus, and loud bronchial breath sounds were audible 
over this area. There was no tracheal deviation or 
tug and no Horner’s syndrome was present. A roent- 
genogram of the chest showed almost complete opac- 
ification of the right upper chest but this was not as 
dense as the heart shadow. The trachea and the 
heart were shifted to the right. A serological test for 
syphilis was positive. 

A diagnosis of aortic aneurysm was entertained 
since a mediastinal mass was known to have been 
present for such a long time. An angiocardiogram 
was unsuccessful because of obstruction of the ve- 
nous inflow tract (Fig. 11). Consequently under 
local anesthesia a 12 gauge catheter (I.D. 0.053’’) 
was inserted into the right femoral artery and passed 
into the ascending aorta. Anteroposterior and right 
posterior oblique films (Fig. 6) were taken, each dur- 
ing the injection of 25 cubic centimeters of 70 per 
cent diodrast in about 7 seconds. The catheter was 
withdrawn to the arch and the films repeated. There 
was only minimal discomfort to the patient during 
the injections. The aortic outline was seen to be 
normal. Direct arterial pressure tracings were taken 
during withdrawal of the catheter. There were no 
complications. A punch biopsy confirmed the diag- 
nosis of bronchiogenic carcinoma and the patient 
was given radiation treatment. 


By excluding the diagnosis of aneurysm, 
this patient was spared a thoracotomy. De- 
lineation of the aorta could have been obtained 
by any of the various catheter methods but 
because of the patient’s superior caval syn- 
drome, angiocardiography was unsatisfactory. 
This has been our experience both with occa- 
sional neoplasms and aneurysms. 


CasE 2. A 44 year old negro male was referred 
from another hospital with a diagnosis of mediastinal 
Hodgkin’s disease. The patient stated that 3 months 
before admission he began to have chest pain, in- 
creasing productive cough without blood, and re- 
spiratory difficulty. There was no history of syphilis. 

Physical examination on admission showed a well 
developed, but dyspneic patient who appeared chron- 
ically ill. Temperature was normal but pulse was 94. 
There were small lymph nodes in the axillae and cer- 
vical region. The trachea appeared in the midline 
and there was no tug or Horner’s syndrome. Moist 
rales were heard throughout both lung fields and 
breath sounds were diminished on the left. The area 
of retromanubrial dullness was increased. The heart 
was slightly enlarged and there was a systolic mur- 
mur at the apex. Blood pressure was 160 systolic 
and 120 diastolic, equal in both arms. The neck and 
arm veins were distended. 
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Fig. 7. Essentially normal abdominal film from same 
patient as shown in Figure 6a. There is an accessory right 
renal artery. The renal, splenic, and several other aortic 
branches are clearly seen even in this reproduction. Both 
renal shadows are intensified. The rapidity with which 20 
cubic centimeters of 70 per cent diodrast was injected is 
shown by the incomplete iliac filling. Some diodrast is pres- 
ent in the urinary bladder. 


Pertinent laboratory data included a negative 
Kahn test, a hematocrit of 35, and a protein of 6 
grams. An electrocardiogram was normal except for 
sinus tachycardia. A chest roentgenogram showed a 
large, smooth, sharply demonstrated and dense 
shadow continuous with the heart. This extended 
7.5 centimeters from the midline to the right and as 
high as the clavicle. The mass showed no pulsation 
when viewed fluoroscopically. 

Biopsy of a right axillary node was unrevealing. 
An angiocardiogram was unsuccessful because of 
blockage of the venous inflow tract to the heart. An 
aspiration biopsy of the right mediastinal mass 
showed only blood and fibrous tissue. On further 
insistent questioning, a history of an old untreated 
penile lesion was elicited. In order to make a defini- 
tive diagnosis, catheter aortography was undertaken. 
A 12 gauge catheter (I.D. 0.053”) was passed with 
fluoroscopic control into the ascending aorta without 
difficulty. Three successive films were taken each 
with 25 cubic centimeters of 70 per cent diodrast. 
The first two injections were too slow but the third 
occupying about 8 seconds opacified the entire arch 
and descending aorta (Fig. 12a). A large heavy 
walled aneurysm was revealed. There were no com- 
plications. 

Since the patient developed increasing respiratory 
obstruction a decompression was undertaken 18 days 
after the aortogram. The patient expired on the 








Fig. 8. Renal arteriogram in a 46 year old negro male 
hypertensive. Twenty cubic centimeters of 70 per cent dio- 
drast and a 12 gauge catheter were used. The correct po- 
sitioning of the tip and rapid injection of dye are shown in 
this technically excellent film. The catheter was inserted 
approximately 15 inches. Aortic tortuosity is the result of 
marked hypertension. Some barium is present in the colon. 
Aortogram by Dr. W. Paul Ramey. 


table as a result of complete bronchial obstruction. 
Autopsy revealed a large aneurysm essentially as 
seen arteriographically (Fig. 12b). The femoral ar- 
tery puncture was healed and there was no evidence 
of any damage occasioned by the catheter. 


At the time of aortography, this patient had 
sufficient bronchial obstruction so that he was 
able to lie down for only short periods. For 
this reason a laryngoscope, endotracheal tubes, 
and positive pressure oxygen were in readi- 
ness. The patient, however, experienced very 
little discomfort and no increase in respiratory 
embarrassment as a result of the examination. 
It should be noted that the catheter course 
alone without diodrast injection is indicative 
of an aortic aneurysm. 

CasE 3. A 61 year old white male was admitted 
with a chief complaint of episodes of spitting up 
blood during the preceding 4 years. A bullet wound 
with entrance above the sternum and exit medial to 
the left scapula had been sustained in World War I. 
Following this, a mass had been present in the lower 
left neck. Twenty-six years before admission the 
patient was found to have syphilis and received 
treatment over the subsequent 10 years. Nine years 
before admission he noted that his left pupil was 
larger than the right. Four years preceding entrance 
he suddenly passed one or two cupfuls of bright 
blood per os with no sensation of vomiting, coughing 
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Fig. 9. Severe arteriosclerosis obliterans involving the 
aortic bifurcation and iliac arteries in a 40 year old white 
male. Despite the absence of femoral pulsations, a 13 gauge 
catheter was inserted percutaneously into the right femoral 
artery and passed into the aorta. Following the procedure 
the patient had a decrease in exercise tolerance as shown by 
earlier claudication. The essential lack of iliac continuity 
bilaterally and the numerous collaterals are outlined. A 
lead marker indicates the level of the umbilicus. 


or choking. This was followed by an intense boring 
pain along the left border of the sternum and radi- 
ating to the back which lasted for several days. Ap- 
proximately six similar attacks preceded hospitaliza- 
tion. About 8 weeks prior to hospitalization the pa- 
tient noted that the left neck mass had begun to pul- 
sate. At the same time he began to experience severe 
headaches and transient sharp pains in the medial 
aspect of his left arm. 

Physical examination revealed a middle aged white 
male in no distress and of generally healthy appear- 
ance. The right pupil was smaller than the left and 
the left palpebral fissure was narrowed. Pupillary 
reactions were sluggish bilaterally. The trachea was 
deviated to the right and there was an expansively 
pulsating mass behind the left sternocleidomastoid 
muscle over which was a systolic thrill. Auscultation 
revealed a loud systolic and soft diastolic murmur. 
The left arm veins were distended. Blood pressure 
in the right arm was 110 systolic and 74 diastolic 
while in the left arm it was 120 systolic and 80 dias- 
tolic. The chest and lungs were unremarkable and 
the heart was unenlarged. A blowing systolic mur- 
mur was heard in the aortic area. Peripheral pulses 
were normal. There were no neurologic abnor- 
malities. 

Routine laboratory data were within normal lim- 
its. A serological test for syphilis was negative. 
Fluoroscopic studies revealed a large abnormal den- 
sity.in the region of the aortic arch. This density 
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12-I-49, 5:00 p.m. 12-2-49, 6:00 a.m. 


Fig. 10. Pulse tracings from the right femoral artery in a 25 year old female. 
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12-3-49, 4:00 p.m. 12-4-49, 11:00 a.m. 


A 15 gauge catheter 


and a Sanborn electromanometer were used. This patient had been resuscitated from ventricular fibril- 
lation and because of vascular anomalies her blood pressure could not be followed in the usual fashion. 
The catheter was used intermittently during a 72 hour period without difficulty or complication (33). 


extended downward along the descending aorta and 
upward to a point just above the clavicle. Roent- 
genograms confirmed these findings and in addition 
demonstrated a shell-like calcification just below the 
level of the clavicle. Bronchograms showed no dis- 
tortion of the trachea or bronchial tree. Barium 
studies of the esophagus and stomach were unre- 
markable. Sputum specimens and gastric washings 
were negative for acid fast bacilli, liver studies were 
within normal limits, and stools were negative for 
blood. An electrocardiogram was within normal 
limits. 

The patient complained of progressive left shoul- 
der discomfort, and tingling and weakness of the left 
arm and forearm. In order to determine whether the 
patient’s chest mass represented a single aortic aneu- 
rysm, two separate aneurysms, or some other com- 
bination of lesions, an aortogram was carried out. 
A 12 gauge catheter (I.D. 0.055’’) was passed to the 
level of the left subclavian artery via the right fe- 
moral artery. A film was taken in essentially right 
posterior oblique position with 25 cubic centimeters 
of 70 per cent diodrast injected in 3 to 5 seconds 
while the patient performed a Valsalva maneuver. 
Immediately following the injection there was a 
striking flush in the region of distribution of the left 
internal mammary artery. The film outlined an 
aneurysm of the first portion of the subclavian ar- 
tery. The dense mass below the aneurysm was un- 
filled and clearly did not represent an aortic aneu- 
rysm (Fig. 13). There were no complications. 

An exploration of the aneurysm was carried out 
by the author; an anterior approach was used and a 
combined resection of the medial clavicle with upper 
median sternotomy was done. The left subclavian 
artery was mobilized at its origin. Medially, behind 
the subclavian artery and extending downward be- 
neath the descending aorta was an irregular, firm, 
rubbery mass evidently representing an organizing 
hematoma. The aneurysm was partially freed but 
because of marked fibrosis and firm adherence of the 
aneurysm posteriorly, excision was abandoned and 
the first portion of the subclavian artery was ligated. 
Postoperatively, the patient had symptomatic im- 
provement. No pulsation of the mass could be de- 
tected, nor was any left radial pulse palpable. Seven 





months later the patient reported that he was well 
except for some left arm pain and was working 
regularly. 


Without contrast arteriography this patient 
might easily have been thought to have an 
inoperable syphilitic aneurysm of the arch and 
descending aorta. In any event, the case 
occasioned considerable controversy until the 
aortogram demonstrated absence of an aortic 
aneurysm. The course of events would appear 
unusual. Intermittent dissection from a trau- 
matic subclavian aneurysm probably explains 
the history of pain and bleeding and the oper- 
ative finding of an organizing hematoma. 


CasE 4. A 61 year old negro male entered the hos- 
pital complaining of shortness of breath of 3 months’ 
duration and swelling of the feet of 3 weeks’ duration. 
At the time of admission the patient was having 
nightly attacks of paroxysmal dyspnea. He felt that 
he had been in perfect health before this illness 
began. 

Examination revealed a well developed and nour- 
ished negro male who was moderately dyspneic in 
the upright position. He was afebrile with a pulse 
rate of 108, respirations of 24, and blood pressure of 
140 systolic and 84 diastolic. There were moist rales 
at both bases. The heart was enlarged both to the 
left and right and there was a grade I apical systolic 
murmur. Considerable venous distention was pres- 
ent. Peripheral pulses were normal. In the right 
femoral area, however, there was a mass showing a 
continuous bruit and thrill with marked systolic ac- 
centuation of these. This could be obliterated easily 
by manual pressure with a definite blood pressure 
rise but no change in pulse rate. There was marked 
bilateral edema of the lower extremities, the right 
extremity being distinctly larger than the left. 

Routine laboratory data were within normal lim- 
its except for a mild normochronic anemia. Roent- 


genograms and fluoroscopy showed cardiac enlarge- 
ment with particular involvement of the right heart 
and superior vena cava. 


Electrokymography con- 















Fig. 11. Case 1. An attempt at angiocardiography was 
unsuccessful in a 61 year old negro male with a large right 
chest mass and consequent superior caval compression. The 
course of the dye after rapid injection into the left axillary 
vein is seen. Angiocardiography has been unsuccessful sev- 
eral times when large thoracic masses were present. 


firmed the identity of the superior cava. Electro- 
cardiograms indicated diffuse myocardial impair- 
ment with inversion of T;, T V4, Vs, and Vs. An 
Evans blue blood volume determination showed 119 
cubic centimeters per kilogram of body weight (nor- 
mal 85 c.c.). Cardiac output obtained by right heart 
catheterization indicated an output of 16.1 liters per 
minute with the fistula open (cardiac index 9.47) and 
6.9 liters per minute with the fistula manually closed 
(cardiac index 3.08). 

Following preliminary studies and control of fail- 
ure with low salt diet, bed rest and diuretics, an ar- 
teriogram was carried out by means of a 12 gauge 
catheter (I.D. 0.053’) inserted into the abdominal 
aorta via the left femoral artery. Multiple films were 
taken including a series of 5 using an angiocardio- 
graphic cassette changer. A total of 60 cubic centi- 
meters of 70 per cent diodrast was injected. An ar- 
teriovenous aneurysm at the level of the origin of the 
deep femoral artery was clearly delineated. The ve- 
nous sac, venous return, and marked elongation and 
dilatation of the iliac artery were shown with great 
clarity. Confronted with the films, the patient re- 
membered that 30 years before he had been shot ac- 
cidentally in the right thigh with a 22 caliber rifle. 
He recalled also the doctor telling him that the bullet 
had done no harm. Figure 14a depicts one of the 
films obtained in sequence and shows, in addition to 
the features enumerated above, the shadow of the 
22 caliber bullet. Before withdrawing the catheter, 
the rise in blood pressure without pulse drop on clos- 
ure of the fistula was confirmed by an electromanom- 
eter tracing (Fig. 14b). 

The fistula which joined the right deep femoral 
artery and the femoral vein was excised by Dr. J. L. 
Southworth (Fig. 14c). The postoperative course 
was uneventful except for moderate edema of the 
right leg resulting from femoral vein ligation. A 
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chest film to days after operation showed a marked 
decrease in cardiac and superior cava size and the 
patient was shortly able to leave the hospital without 
special diet or drugs. 


Arterial catheterization not only enabled 
the surgeon to localize the origin of the fistula 
accurately but also provided confirmation of 
the absence of the Branham-Nicalodoni sign 
of a pulse rate fall on closure of the fistula. The 
studies were carried out with no complica- 
tions, distinct benefit to the patient, and con- 
siderable gratification to the physicians con- 
cerned. 


CASE 5. A 48 year old white male was transferred 
from another hospital with a diagnosis of neoplasm 
of the right pelvis. Five years before, the patient 
had been told by two physicians that he had a rectal 
mass but no studies or treatment had been suggested. 
He was asymptomatic until 6 months before admis- 
sion when he had a single episode of difficulty in 
voiding accompanied by slight hematuria. The pa- 
tient’s work-up was delayed at this time because of a 
compound fracture of the right leg sustained while 
on a pass from the hospital. A second episode of 
hematuria occurred 2 months prior to transfer. The 
patient was found to have a right pelvic mass dis- 
placing the right wall of the rectum, bladder, and 
right ureter. Roentgenograms of the pelvis revealed 
irregular calcification and were interpreted as show- 
ing erosion of the ischial spine. It was the impres- 
sion prior to transfer that the lesion was a primary 
malignant bone tumor and that the right leg fracture 
was pathological. Further questioning of the patient 
on transfer revealed that he had slight chronic con- 
stipation for years and during the 5 years preceding 
admission had developed nocturia of mild degree and 
some difficulty in stopping his stream. The fracture 
was healing well and the remainder of the history 
was noncontributory. 

Examination revealed a well developed pale man 
in no distress. The blood pressure was 120 systolic, 
65 diastolic. There was a right leg cast. A mass was 
palpable in the right pelvis on rectal examination 
starting at the level of the prostate. This showed 
arterial pulsation and did not involve the prostate. 
The upper border of the mass could be felt by deep 
palpation anteriorly. It was hard and irregular and 
a definite continuous loud bruit was present. There 
was no evident local increase in heat or venous 
engorgement. Normal pulses were present in both 
legs. 

Routine studies were within normal limits. A 
barium enema was negative. Urological studies 
showed only displacement of the right ureter and 
bladder. A roentgenogram of the pelvis showed ab- 
normal shell-like calcifications in the right pelvis in 
an area about the size of an orange and not involving 
the ischial spine (Fig. 15a). The calcifications were 
considered to be in a vascular mass. An aortogram 
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Case 2. 


Fig. 12. 
aortic arch in a 44 year old negro male is delineated by 70 per cent diodrast injected 


through a No. 12 catheter. 


a, left, A large syphilitic aneurysm of the ascending aorta and 


The abnormal course of the catheter is clearly seen, 


and the great thickness of the aneurysm wall is evident. b, Autopsy specimen show- 
ing dilated ascending aorta, deformed irregular arch, and thick organizing hematoma 


constituting the right lateral arch wall. 


examination made by Dr. W. Paul Ramey, resident 
in urology made with a catheter (I.D. 0.055’’) 
passed to the abdominal aorta from the left femoral 
artery clearly outlined the right pelvic lesion (Fig. 
15b). Twenty cubic centimeters of 70 per cent dio- 
drast injected in about 3 to 5 seconds was employed. 
There were no complications. The film was consid- 
ered to represent an arteriovenous aneurysm of the 
cirsoid variety supplied by the right hypogastric ar- 
tery and superior hemorrhoidal artery directly, and, 
possibly through anastomoses, by the tortuous left 
hypogastric artery. An Evans blue blood volume 
was 124 cubic centimeters per kilogram (normal 85 
c.c. per kilogram). 

Using an extraperitoneal approach the author iso- 
lated the right hypogastric artery and vein and the 
superior hemorrhoidal artery. A continuous thrill 
was palpable over both the enlarged hypogastric ar- 
tery and vein. Occlusion of the isolated arteries did 
not completely prevent the thrill over the vein. The 
hypogastric artery was ligated and divided while the 
smaller hemorrhoidal artery was ligated in conti- 
nuity. The mass was almost dissected free but be- 
cause of bleeding was only partially removed, the 
remainder being plicated. Following this the hypo- 
gastric vein had no thrill and was not ligated. The 
postoperative course was uneventful. 


As in a similar case reported by Goodwin, 
Scardino, and Scott an arteriogram greatly 
facilitated the surgery. Both the exact diag- 
nosis and proper point of attack would other- 
wise have been unknown. 





CasE 6. A 45 year old white male was admitted 
to the hospital complaining of pain in his low back 
and left lower extremity of 7 years’ duration, follow- 
ing a fall from a truck. Until 5 months prior to ad- 
mission, the back pain was dull in character with 
radiation to the hip and occasionally down the pos- 
terior leg into the medial aspect of the foot. Five 
years before admission he was discharged from a 
Naval hospital with a diagnosis of spondylolisthesis. 
He did fairly well with restricted activity and occa- 
sional heat treatments until 5 months before entry 
when his symptoms became markedly aggravated 
following an episode of stooping not accompanied by 
straining. There followed increasing pain in the left 
foot worse at night, and pain in the leg on exercise 
not clearly relieved by rest. Six weeks before entry, 
the patient noted that his left foot was pale when he 
lay down and became red at other times. He had 
increasing pain on exercise and was unable to tole- 
rate bed clothes on his feet. Three weeks before ad- 
mission, diagnoses of spondylolisthesis and osteoar- 
thritis of the lumbar spine were made at another 
hospital and the patient was offered a spinal fusion 
which he refused. There had been no cardiac symp- 
toms and aside from excessive nervousness, the 
remainder of the history was noncontributory. Close 
questioning revealed that an aching or cramping of 
the patient’s left calf and thigh developed on walk- 
ing, generally one or two blocks. This condition was 
accompanied and overshadowed at times by pain in 
the posterior leg and foot and generally subsided on 
rest, although the pain did not. 

Examination on admission revealed a thin, ner- 
vous man with a normal temperature and pulse and 








Fig. 13. Case 3. Traumatic aneurysm of the first portion 
of the left subclavian artery secondary to a gunshot wound 
in a 61 year old white male. The proximal subclavian ap- 
pears normal and suggested that ligation at this point 
would not be difficult. The aortic shadow is smooth in out- 
line and of normal caliber. Left vertebra] and axillary ar- 
teries are well shown. The internal mammary lies in the 
wrong plane to be seen here. At operation the large un- 
opacified para-aortic mass appeared to be an organizing 
hematoma. Right posterior oblique view. 12 gauge catheter. 


a blood pressure of 140 systolic and 80 diastolic, 
equal in both arms. Eyegrounds were normal. The 
heart was unenlarged without irregularities or mur- 
murs. No femoral or other arterial pulsations could 
be felt on the left although even the right dorsalis 
pedis and posterior tibila pulses were palpable. The 
left thigh and leg were smaller than the right, and 
there was definite pallor on elevation and rubor on 
dependency. Spinal compression elicited pain in the 
fourth and fifth lumbar dermatomes while exercise 
tests produced discomfort in the leg that was of the 
character of intermittent claudication. 

Routine laboratory data including an electrocardi- 
ogram and a chest film were within normal limits. 
A lateral film of the lumbar spine showed several 
plaque-like areas of calcification just anterior to the 
interspace between the third and fourth lumbar ver- 
tebrae. There was a spondylolisthesis involving the 
lumbosacral joint and some diffuse osteoarthritic 
changes of the lumbar spine. The serum cholesterol, 
calcium, and inorganic phosphorus were within nor- 
mal limits. 

There was no general agreement concerning the 
exact cause of the patient’s complaints, several ex- 
perts attributing his arterial insufficiency to reflex 
spasm as a result of his spine changes. Therefore an 
arteriogram was carried out. Under local anesthesia 
a 14 gauge thin wall needle (Table I) was inserted 
into the right femoral artery and a 17 inch 13 gauge 
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catheter was passed as far as the lower abdominal 
aorta. After checking the position of the catheter 
tip, 20 cubic centimeters of 70 per cent diodrast was 
injected in 5 seconds while the patient performed a 
Valsalva maneuver. Narrowing of the terminal aorta 
and occlusion of the left common iliac was clearly 
demonstrated (Fig. 16). There were no complications. 

Following lumbar sympathetic block, the patient 
had an improvement in his claudication. An un- 
eventful left lumbar sympathectomy was carried out 
by the author with marked increase in exercise tol- 
erance and some subjective improvement in the 
patient’s radiculitis. 


Although an accurate diagnosis of arterio- 
sclerosis obliterans of the left iliac artery can 
be made on the known history and physical 
examination alone, the spondylolisthesis and 
complex symptoms render this difficult. It is 
felt that catheter arteriography with aortic 
injection of dye was a safe and easy method of 
confirming the presence of intrinsic vascular 
disease. Similar studies by the translumbar 
method are, of course, possible, but other 
techniques are generally unsatisfactory for 
this region. 

Case 7. A 68 year old white male entered the 
hospital complaining of pain in the chest. Five hours 
before admission, he was seized by severe lower chest 
pain in the midline anteriorly with radiation to the 
back. This remained at maximum intensity for 
about 1 hour and then gradually subsided so that 
the patient was essentially asymptomatic on arrival 
at the hospital. There were no symptoms other than 
pain. At examination 5 months earlier, the patient 
had had an asymptomatic hypertension with a nor- 
mal electrocardiogram. He had been working and 
in apparent good health until the onset of his pres- 
ent illness. 

Physical examination revealed a somewhat obese 
white male in no acute distress. Temperature was 
normal, pulse 44 and regular, respirations 16, and 
blood pressure in both arms 250 systolic and 80 dias- 
tolic. Retinal changes were grade II, Keith-Wago- 
ner. The lungs were clear. The heart was enlarged 
to the left and there was a grade II aortic systolic 
murmur. Peripheral pulses were of the Corrigan 
type but were equal. Examination was otherwise 
unremarkable. 

Anelectrocardiogram (including 6 precordial leads) 
showed a complete heart block with no evidence of 
infarction. There was no change in five subsequent 
electrocardiograms. Roentgenograms of the chest 
showed an enlarged cardiac silhouette and suggested 
widening of the aortic arch and of the descending 
aorta. Routine laboratory studiés were within nor- 
mal limits. The sedimentation rate was 30 and re- 
mained elevated. 

A low grade fever was present for the first 4 days. 
Mild cardiac decompensation developed on the second 
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Fig. 14. Case 4. a, Number two in a series of 5 pictures 
of a traumatic arteriovenous fistula in a 61 year old negro 
male. A 12 gauge catheter was passed from the left femoral 
artery to the abdominal aorta and 20 cubic centimeters of 
70 per cent diodrast was used for this series. Dye injected 
earlier is seen in the bladder. An extremely tortuous and 
dilated iliac artery continues as a dilated common femoral 
artery. The superficial femoral artery arises just above the 
shadow of a bullet and is of normal caliber. In this vicinity, 
there is a dilated venous sac. b, Direct aortic pulse tracing 





day but was well controlled with low salt diet, digi- 
talis, and mercurial diuretics. The blood pressure 
gradually fell to 170 systolic, 70 diastolic and was 
stabilized there. 

Two weeks after admission, an aortogram was car- 
ried out. A 12 gauge catheter (I.D. 0.062’) was 
passed via the right femoral artery into the ascend- 
ing aorta under fluoroscopic control. A film in right 
posterior oblique position was taken after the injec- 
tion of 25 cubic centimeters of 70 per cent diodrast 
injected in 3 to 4 seconds while the patient was per- 
forming a Valsalva maneuver (Fig. 17a). The cathe- 
ter was then withdrawn to the distal arch and two 
additional films in right and left posterior oblique 
positions were made in similar fashion (Fig. 17b). 
Pressure tracings were taken during withdrawal of 
the catheter. There were no complications and the 
patient was discharged on a low-salt diet and digi- 
toxin several days later. 


Figure 17a shows a widely dilated but per- 
fectly regular ascending aorta. There is a 
widening of the aortic lumen in the distal arch 
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using the 12 gauge catheter and recorded by means of a 
Sanborn electromanometer. Manual occlusion of the fistula 
(1) causes a blood pressure rise without pulse rate change 
while release (2) brings about a pressure fall. c, Operative 
photograph showing the dissected fistula which arises from 
the deep femoral artery. The large common femoral artery 
divides into a normal superficial femoral and a short deep 
femoral artery which quickly joins the extensive venous sac 
underlying the arteries. A successful excision of the fistula 
was carried out. 


while the descending aorta is displaced from 
the spine and irregularly narrowed. The 
changes in the descending aorta are best seen 
in Figure 17b which should be compared to the 
normal aorta depicted in Figure 6. These 
changes are consistent with a healed aortic 
dissection involving the distal arch and de- 
scending aorta. The irregular narrowing with 
a smooth aortic outline is unlike arteriosclero- 
sis (Figs. 9, 16) and suggests extrinsic pressure 
compressing and deforming the aortic lumen. 
The widening in the distal arch region may 
represent the site of an intimal tear. A very 
similar case diagnosed by angiocardiography 
and confirmed by operation has been reported 
by Golden and Weens. More general use of 
contrast methods would soon provide material 
for more precise aortographic interpretation 
of this disease. 
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Fig. 15. Case 5. a, left, Irregular shell-like calcification in the right pelvis in a 48 
year old white man with hematuria anda large mass displacing the bladder and right 
ureter and palpable by rectum. b, Arterogram made by inserting a 12 gauge 
catheter into the aorta via the left femoral artery and injecting 20 cubic centime- 
ters of 70 per cent diodrast. A large arterial mass fed principally by the right hypo- 
gastric and the superior hemorrhoidal arteries is outlined. The bladder is delineated 
also by previously injected diodrast. This cirsoid arteriovenous fistula was treated 
surgically, considerable aid being provided by the arteriogram. Aortogram by Dr. 


W. Paul Ramey. 


DISCUSSION 


General. Peripheral arteriography was re- 
ported by Sicard and Forestier in France and 
by Berberich and Hirsch in Germany in 1923. 
An independent report in the United States 
by Brooks was made in the following year and 
the visualization of peripheral arteries soon 
became an accepted procedure. Cerebral 
arteriography was introduced and developed 
by Egas Moniz in Spain, the first report ap- 
pearing in 1927. Such studies are now widely 
used and can no longer be considered experi- 
mental. In recognition of his work, Egas 
Moniz was recently awarded a Nobel prize (9). 

A number of methods for examination of the 
aorta and great vessels have been introduced 
but none has been generally accepted. Direct 
puncture of the abdominal aorta for visualiza- 
tion of this structure and of the renal arteries 
was advocated by dos Santos, Lamas and 
Pereira Caldas in 1929 and has since been used 
more than other method. It is, however, a 
very rigid technique, by no means always suc- 
cessful, and, because of its implied danger, has 
only recently been popular in this country (18). 


Reports of real complications have neverthe- 
less not been encountered in the literature. 
The procedure has been modified for visualiza- 
tion of the thoracic aorta, but the dangers of 
this innovation are not known (23). The 
problem of contrast aortography was attacked 
indirectly by Robb and Steinberg in their 
work on angiocardiography. Excellent aortic 
pictures are not infrequently obtained and 
useful roentgenograms of the upper thoracic 
aorta may, with care, be secured in about 65 
per cent of cases (25). Aortic pictures may be 
impossible to obtain if block of the venous 
inflow tract of the heart is present (Fig. 11) 
and the problems of dilution of contrast me- 
dium in passage through the heart, accurate 
timing, and the large dose of dye required 
limit the usefulness of the method. Farifias 
catheterized the abdominal aorta by way of 
the exposed femoral artery in several cases 
(11) but later abandoned this method in favor 
of injecting dye against the°current of blood 
in the femoral artery (12) as advocated earlier 
by Castellanos and Pereiras. Despite improve- 
ments in the countercurrent method by intro- 

















duction of the Valsalva maneuver to slow the 
blood stream, only fair aortic pictures are 
secured and the exposure and manipulation of 
large arteries invite thrombosis (13). 

A distinct advance was made by Radner in 
1948. He advocated passage of a large ure- 


teral catheter into the aorta by way of a radial _ 


” 


artery “cut-down.”’ Many excellent pictures 
of congenital anomalies have been secured by 
this method and it has been possible also to 
visualize the coronary vessels (20). The 
catheter tip can be located where desired and 
repeated films may be taken. Unfortunately 
ecause of arterial spasm or anatomical pecu- 
liarities, the catheter may not always be 
passed. Unless a very large caliber catheter is 
ised, special equipment for injecting the 
)paque medium is necessary. The method is 
‘ime consuming and frequently requires radial 
irtery ligation (2). In addition, lesions in the 
ower thoracic aorta and abdominal aorta are 
not well seen because the injection is with the 
current of blood and dilution occurs too rapid- 
ly. Because of difficulties in the method, 
|énsson has tried inserting a cannula into the 
aortic arch through the common carotid ar- 
tery (21). This enables good pictures to be 
produced but because of minor complications 
the method is not used by the author any 
longer (22). 

Advantages of percutaneous arterial cathe- 
terization. Percutaneous insertion appears to 
be a safer method of introducing a catheter 
into a large artery than surgical “cut-down” 
and no thromboses, infections, or secondary 
hemorrhages occurred in 58 successful cases. 
The equipment required for the procedure is 
simple and inexpensive (Fig. 1a). A thin 
walled polyethylene catheter fitting a 12 
gauge needle has an adequate volume flow for 
contrast aortography when hand injected dio- 
drast is used. No special injecting apparatus 
need be employed. Only one physician is re- 
quired except during fluoroscopy when two are 
needed. It is generally possible to reach any 
portion of the aorta and to reposition the 
catheter and patient as desired. Since dye is 
injected against the blood current, thereby 
slowing it (Fig. 8), only 20 to 25 cubic centi- 
meters of 70 per cent diodrast need be used 
and repeated pictures may be secured safely 
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Fig. 16. Case 6. Complete arteriosclerotic occlusion of 
the left common iliac in a 45 year old white male. The aor- 
tic bifurcation shows several defects and a number of typi- 
cal collateral arteries are outlined. A 13 gauge catheter 
was used. 


in the unanesthetized patient. The examiner 
may be outside the x-ray field, which is not 
possible in translumbar and certain other 
presently employed techniques. An important 
surgical consideration is that any tissue dis- 
coloration that may result locally will be dis- 
tant from the operative site. Special tests such 
as pulse recordings are easily obtained alone or 
in conjunction with aortography (Fig. 14b). 
The percutaneous method of arterial cathe- 
terization is also adaptable to intra-arterial 
transfusion. 

Disadvantages of percutaneous arterial cathe- 
terization. The principal disadvantage of the 
percutaneous catheter technique is that it re- 
quires patience and a considerable degree of 
skill. There are slight dangers of bleeding, 
hematoma formation, pain, etc. but these 
should not prove a serious obstacle. The pro- 
cedure, especially when used for high thoracic 
aortography, is potentially very hazardous 
because of the unpredictable cerebral response 
to concentrated diodrast (3, 4). This is a 
danger inherent in all methods of contrast 
aortography and, though it in no way invali- 
dates the femoral catheter method, should 
serve to discourage unnecessary examinations 
of the aortic arch. 

The catheter technique is more difficult and 
generally more time consuming than angio- 
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Fig. 17. Case 7. A 68 year old white male hypertensive with sudden severe 
chest pain of several hours’ duration and no evidence of myocardial infarction. a, 
left, The ascending aorta is dilated, the distal arch is widened, and the descending 
aorta shows some narrowing. The coronaries are partially injected. A 12 gauge 
catheter was used. Right posterior oblique position. b, The distal arch and des- 
cending aorta are outlined. The latter is displaced from the spine and markedly 
and irregularly narrowed although the outline is smooth. Left posterior oblique 
position. A diagnosis of healed dissecting aneurysm was made in this case. 


cardiography and should probably not be used 
where this method suffices. The catheter tip is 
frequently difficult to identify with certainty 
fluoroscopically because the diodrast in it is 
diluted rather rapidly by the blood. A check 
film for its absolute identification is always 
necessary. 

Since the catheter is straight, it is impos- 
sible to introduce it readily into any particu- 
lar aortic branch.’ Occasionally in a badly 
deformed aorta, passage is arrested and aor- 
tography cannot be carried out at the opti- 
mum level. Some practice is required in in- 
jecting dye since this must be done as rapidly 
as possible if excellent films are to be ob- 
tained. Unless proper care is exercised 
throughout the procedure, sizable hematomas 
may easily result. 

Complications of percutaneous arterial cathe- 
terization. Although complications have been 
infrequent in our hands, the possibility that 
they may occur must be kept constantly in 


1A 6F Cournand cardiac catheter may be inserted through a 12 
gauge needle. Such catheters have been used to cannulate indivi- 
dual aortic branches in dogs (6) and probably can be similarly 
employed in man. 





mind. For this reason, the more likely dan- 
gers” are here enumerated: 

Hemorrhage or hematoma formation : Hema- 
tomas were formed in about 10 per cent of the 
cases when inadequate pressure was applied 
on manipulation or catheter removal. The 
hematomas were never serious and in no case 
did secondary infection, secondary hemor- 
rhage, or increased morbidity result. In an 
operative death where catheterization was 
used to give an intra-arterial transfusion there 
was sufficient extravasation to discolor the 
peritoneal wall in the inguinal region though 
no hematoma was palpable. 

Kinking of catheter during insertion: Kink- 
ing of the catheter occurred infrequently when 
it was passed against a resistance and gener- 
ally it was necessary to insert a second cathe- 
ter. Resistance may occur during passage of 
the catheter into the femoral artery, during 
passage up an extremely tortuous iliac artery 
or abdominal aorta, or when the catheter 


enters a small arterial branch (Fig. 4b). It has 

2To these must be added the possibility of producing a trauma 
tic arteriovenous fistula as occurred in a case since preparation 
of this paper. 
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not occurred otherwise. In general, when the 
catheter is high in the aorta and the tip 
strikes the arch of the aorta or the sinus of 
Valsalva, it becomes bent on itself but does 
not kink. Such an occurrence does not offer 
resistance and can be known only if the pa- 
tient is being fluoroscoped. 

Thrombosis of the femoral artery: Throm- 
bosis of the femoral artery has not occurred in 
this series but is always a possible danger (13). 
In one instance of marked arteriosclerotic 
narrowing of the iliacs and abdominal aorta, 
the patient’s severe intermittent claudication 
was somewhat increased following catheteriza- 
tion (Fig. 9). Again in one case there was 
sufficient transient arterial spasm to simulate 
arterial occlusion. 

Arterial or aortic valve damage: The 
femoral artery was well healed in 2 cases 
coming to autopsy 18 days and 5 months after 
catheterization. In one autopsy case where 
the catheter was passed to the sinus of Val- 
salva, no evidence of intimal damage could be 
found. This agrees with the findings in a 
series of catheterized dogs (28). An instance 
of catheter perforation of an artery is recorded 
by Goodwin, Scardino, and Scott but no known 
arterial injuries have occurred in our series. 

Arterial rupture or dissection during injec- 
tion: Although the pressure of the injection is 
very high, the volume is small. As long as the 
catheter remains in the aortic lumen there is 
no danger of exerting undue pressure. In 
smaller arteries rapid injection may cause 
rupture. This occurred in the:case of axillary 
artery catheterization and resulted in a severe 
brachial plexus palsy (24). For this reason 
aortography is not carried out without a pre- 
liminary film showing the catheter tip in the 
aorta and without ascertaining that free back 
bleeding occurs. 

Dangers of diodrast: Hypersensitivity reac- 
tions to diodrast occur occasionally and may 
be severe. We have employed an intravenous 
or intra-arterial injection of 1 cubic centimeter 
of 70 per cent diodrast with a waiting period of 
at least 10 minutes as a test dose for sensi- 
tivity. In no instance has there been a reac- 
tion of a serious nature. Adrenalin is always 
kept on hand and where a thoracic or cervical 
mass has caused any respiratory symptoms, 


we have always had a laryngoscope and endo- 
tracheal tubes ready to use. Fortunately no 
emergency measures have been required. 

Of special importance is the danger of in- 
jecting large volumes of 70 per cent diodrast 
into the cerebral circulation (3, 4). Such 
injection may occur as it did in one of our cases 
when the catheter was in a branch of the aortic 
arch (Fig. 5).! Serious consequences, such as 
hemiplegia, cerebellar disturbances, coma, and 
death may result unpredictably and without 
warning (13). Although we do not feel that 
the danger is great when the catheter tip is in 
the aorta itself, injection with maximum dye 
concentration in the arch should be avoided 
where possible. If injection into the arch is 
necessary we recommend that the Valsalva 
maneuver not be used and consideration be 
given, after a preliminary test, to momentary 
carotid artery occlusion by digital pressure. 

Shearing off of the catheter: Shearing off of 
the catheter is a possible danger with inexpert 
handling of the catheter but has not occurred 
in any of our cases. Particular care must be 
observed when a Tuohy point needle is em- 
ployed for insertion. 

Injection of air: Injection of air is poten- 
tially very hazardous where the possibility of 
cerebral or coronary embolization exists. Since 
the catheter and syringe are transparent and 
no haste is required, this error may readily be 
avoided. 


SUMMARY 


A method of introducing a disposable poly- 
ethylene catheter of fairly large caliber into the 
femoral artery percutaneously and passing it 
to any desired aortic level is reported in de- 
tail. This technique has been successful in 
57 cases and has been utilized for contrast 
studies involving the aorta in 22 cases. There 
have been only 2 failures to pass the catheter 
and only 1 additional failure to secure satis- 
factory films. With the exception of 2 cerebral 
reactions to diodrast, significant complications 
have been infrequent. The advantages, dis- 
advantages, and possible dangers of the meth- 
od are reviewed. Illustrative case reports are 
included. Roentgenograms produced by this 


1A second serious reaction occurred with the catheter tip in the 
aortic arch as noted above. 
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method are generally superior to those ob- 
tained by better known techniques. 
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ARDIAC arrhythmias occurring dur- 
ing general anesthesia have been 
widely studied both experimentally 
and clinically. Such arrhythmias 

occur frequently and are more readily de- 
tected by the electrocardiogram than by pal- 
pation. However, no complete numerical 
evaluation of their incidence or a discussion of 
the significance of the types of arrhythmias 
during anesthesia and surgery appears in the 
literature. 

Arrhythmias may be classified as to rate, 
origin of pacemaker, and whether paroxysmal 
or sustained. From studies of artificially in- 
duced arrhythmias in experimental animals, 
the observation has been made that rhythmic 
abnormalities ordinarily considered to be of 
minor importance may be potentially dan- 
gerous during surgery and general anesthesia. 
This is especially true of ventricular rhythms. 
The occurrence of ventricular premature con- 
tractions, isolated or coupled, is regarded as 
relatively innocuous, whereas ventricular 
tachycardia, which may evolve into ventricu- 
lar fibrillation, is regarded as serious. 

Procaine (1), diethylaminoethanol (9), di- 
benamine (8), and quinidine (2) are among the 
drugs which have been employed for therapy 
of ventricular arrhythmias. Intravenous pro- 
caine has been the most widely used during 
anesthesia and has provided the best results. 
The amide of procaine, hereinafter referred to 
as pronestyl', has been recently developed as a 
drug which may be safely administered in 
relatively large doses and which will exert the 
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desired effects of procaine for prolonged 
periods (7). It is not hydrolyzed by the 
enzyme which affects procaine, and hence is 
relatively stable im vivo. Gastrointestinal ab- 
sorption is rapid and complete. Administered 
intravenously in therapeutic dosage to con- 
scious subjects, pronestyl does not stimulate 
the central nervous system as does procaine. 
Hypotension occurs only occasionally follow- 
ing intravenous administration of the drug, 
and this is both moderate and transient. 
Pronestyl has been found to protect dogs 
against epinephrine-induced ventricular ar- 
rhythmias during cyclopropane anesthesia (7). 
Studies in conscious cardiac patients have 
demonstrated the efficacy of this drug in treat- 
ment of ventricular arrhythmias (5). 

This report concerns the usefulness of 
pronestyl in prophylaxis and therapy of 
arrhythmias in patients undergoing surgery 
during cyclopropane anesthesia. Surgical pro- 
cedures are summarized in Table I. The ex- 
perimental series consisted of 22 patients to 
whom pronestyl was administered for pro- 
phylaxis. The control series consisted of 25 
patients. In the large majority of patients, 
surgery was intrathoracic. Cyclopropane was 
considered to be the primary anesthetic agent 
in all patients. In 14 patients in the control 
series, and in 16 patients in the experimental 
series, induction to first plane of third stage 
anesthesia was accomplished with surital 
sodium.? Cyclopropane was used for induc- 
tion of all other patients, and was the sole 
anesthetic agent for intubation and main- 
tenance in all patients. 

The control and experimental series are 
compared in regard to average age of patients 
and duration of anesthesia in Table II. 


2Surital sodium, sodium s-allyl-5-(1-methylbutyl)-2-thiobar- 
biturate. 
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TABLE I.— 


SUMMARY OF SURGICAL PROCEDURES 





Experimental 
series 
No. patients 


Control series 


Operations No. patients 








‘Thoracoplasty 








Thoracotomy 





Decortication 





Segmental resection 





Lobectomy 





Pneumonectomy 





Pulmonary cystectomy 





Esophagectomy 





Pericardectomy 





Anastomosis, L. subclavian artery 
to L. pulmonary artery 





Nephrectomy 





Exploratory laparotomy 





No surgery* 


Total 








Intrathoracic 











Extrathoracic 





*Thoracoplasty cancelled after endotracheal airway was inserted be- 
cause of cellulitis in area of proposed incision. 


Electrocardiographic tracings were taken 
throughout the course of each operation as 
definite anesthesiological and surgical events 


and procedures occurred (Table III). A 
directly-recording apparatus was employed. 
The recording stylus or cardiotachoscope (4) 
screen was constantly observed for arrhyth- 
mias not relatable to, or not concurrent with, 
the events and procedures tabulated. 


TABLE II.—COMPARISON OF CONTROL AND EX- 
PERIMENTAL SERIES 








Average age of 


Average duration of 
patients 


anesthesia 





Type of case Experi- 

mental 
series, 

hours 


Experi- 

mental 
series, 
years 


Control 
series, 
hours 


Control 
series, 
years 





Intrathoracic x 46.1 4.6 5.0 





Extrathoracic chest 64 2.2 2.2 





Others _ II “= 





Average of chest cases 47 4:3. 4.9 





Average of all cases : 47 3.0 4.9 





Range 





Over 50 years, No. 

















Under 25 years, No. 





Preanesthetic medication consisted of mor- 
phine (10 mgm. in most cases) administered 1 
hour before induction of anesthesia, and in- 
travenous atropine (0.4 to 0.5 mgm.) just 
prior to induction. Anesthesia was induced 
either with cyclopropane-oxygen adminis- 
tered through a Foregger to-and-fro apparatus, 
or with surital sodium, 2.5 per cent, intra- 
venously. Anesthesia was deepened with cy- 
clopropane and controlled respiration was 
instituted. Laryngoscopy and oral endo- 
tracheal intubation were accomplished with- 
out preliminary topical anesthesia, usually in 
deep anesthesia. Following intubation, pa- 
tients were placed in the position required for 
the contemplated surgery; a chest rest was 
not used. Patients were maintained usually 
in relatively light anesthesia, corresponding to 
upper second plane. 

In the large majority of cases, the entire 
working personnel of the operating room was 
the same. Blood pressure, cardiac rate (by 
pulse and electrocardiogram), and respiration 
were recorded in duplicate, as were detailed 
notes of all procedures, by two anesthesiol- 
ogists. Surgery was halted briefly on those 
occasions when it appeared to interfere with 
accurate electrocardiographic recording. 

Pronestyl was administered orally, in doses 
of 1.0 to 2.0 grams, 1 to 2 hours prior to induc- 
tion of anesthesia. During thoracotomy 
(usually 30 to 4o minutes) an additional 1.0 
gram was administered intravenously, in 
divided doses, in order to achieve peak plasma 
concentrations of pronestyl at the time intra- 
thoracic manipulations began. Additional 
drug was administered intravenously during 
the subsequent maintenance period for ther- 
apy or for pharmacological study. The drug 
was employed in 10 per cent solution, injected 
into the infusion tubing. A dosage range was 
investigated. Blood samples were obtained 
periodically for determination of plasma levels 
of pronestyl. 


RESULTS 


Prophylaxis. 1. One method of numerical 
tabulation of arrhythmias appears in Table 
IV, in which the numbers of patients without 
arrhythmias are enumerated. Although the 
control and experimental series differ signifi- 
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cantly, such a computation fails to consider 
the frequency with which arrhythmic episodes 
may occur in any one patient. 

2. Another method of tabulation consists 
of counting and averaging arrhythmias, with- 
out relation to concomitant events. Such an 
enumeration appears in Table V. The differ- 
ences between control and experimental series 
are marked. An analysis of the distribution of 
these arrhythmias during the phases of anes- 
thesia appears in Table VI. 

3. Neither of the foregoing computations 
attempts to consider the duration of the 
arrhythmias encountered. Analysis of the 
duration of ventricular arrhythmias is made 
in Table VII. The longer average duration in 
the experimental pronestyl series will be dis- 
cussed. 

4. A desirable method of numerical evalua- 
tion of arrhythmias weights their frequency 
in terms of their duration and permits a com- 
putation of arrhythmia incidence at specific 
times during anesthesia and surgery. Elec- 
trocardiographic tracings were therefore taken 
so as to coincide with definite anesthesiological 
and surgical events and procedures (Table 
III). The tracings then are relatable to these 
procedures in terms of time and furnish in- 
formation regarding factors associated with 
the onset of arrhythmias. The percentages in 
Table VIII demonstrate that the sampling of 
control and experimental groups was com- 
parable. 

Table VIII demonstrates that the overall 
total incidence of relatable arrhythmias in the 
experimental series was half that in the con- 
trol series. The overall incidence of relatable 
ventricular arrhythmias in the experimental 
series was one-third of the incidence in the 
control series. The total incidence of relatable 
arrhythmias in the experimental series was 
equalled by the incidence of relatable ventricu- 
lar arrhythmias alone in the control series. 
These same differences, essentially, were pres- 
ent throughout the phases of anesthesia. 

5. The incidences of relatable arrhythmias 
prior to the completion of thoracotomy (pro- 
phylactic period) and following thoracotomy 
(postprophylactic period) are summarized in 
Table [X. The differences between control 
and experimental series are of the same order 
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TABLE III.—ANESTHESIOLOGICAL AND SURGICAL 
EVENTS AND PROCEDURES TO WHICH ELEC- 
TROCARDIOGRAPHIC TRACINGS WERE RE- 
LATED 


. Preinduction 
a. Intravenous atropine 
. Induction 
a. Onset of induction 
b. During induction 
1. Uncomplicated 
2. Complicated 
. Insertion of pharyngeal airway 
. Introduction of canister 
. Apnea 
. Controlled respiration 
. Oral endotracheal intubation 
a. Laryngoscopy 
b. Intubation 
1. Uncomplicated 
2. Complicated 
c. Hook-up 
d. Inflation of cuff 
. Change of position 
. Maintenance 
a. Anesthesia 
1. Depth of anesthesia 
. Type of respiration 
. Hypoxia 
. Drug administration 
. Bucking 
. Endotracheal suction 
. Inflation of lungs 
. Deflation of cuff 
g. Extubation 
ro. To supine or lateral position 
b. Surgery 
1. Incision 
. Periosteum 
. Rib-cutting 
. Pleura opened 
. Exploration and dissection 
. Insertion of rib retractor 
. Tractions and manipulations 
. Specimen removed 
. Rib retractor removed 
. Closure 
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of magnitude as those seen in Table VIII. 
There is evidence for persistence of the pro- 
tection against arrhythmias provided by pro- 
phylactic pronestyl throughout the relatively 


TABLE IV.—PATIENTS WITHOUT ARRHYTHMIAS 





Control series Experimental series 





No. Per cent No. Per cent 





Total 25 22 





Without arrhythmias 
of any type 2 5 22.7 





Without ventricular 
arrhythmias 3* 12 8 36.3 
*(r) Segmental resection and decortication; (2) anastomosis, left 

subclavian to left pulmonary artery; (3) exploratory laparotomy. 
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TABLE V.—NUMBERS OF ARRHYTHMIAS 
Number of Total No. Ventricular 
patients arrhythmias arrhythmias 
Types of cases 
Control] Experi-} Control] Experi-| Control] Experi- 
mental mental mental 
Intrathoracic 10 21 III 17 52 39 
Average - — —_ II. 3-7 5.2 1.9 
Extrathoracic chest} 11 I 76 4 54 4 
Average -- — 6.9 4 4.9 4 
Total thoracic 21 22 187 81 106 43 
Average — — 8.9 3-7 5.1 2.0 
Grand total 25 22 104 81 112 43 
Average - — 7.8 3-7 4.5 2.0 











long maintenance period. In this table, as in 
Table VIII, it may be seen that the highest 
incidence of relatable arrhythmias occurred 
during the period required for oral endotra- 
cheal intubation. 

6. Types of relatable arrhythmias. Table 
X reveals, in both the control and experi- 
mental series, that (1) ventricular arrhythmias 
constituted the largest category of arrhyth- 
mias and (2) atrioventricular nodal rhythms 
were the next largest group. 

In Table X also the relatable ventricular 
and nodal rhythms are further classified. Of 
the arrhythmias generally considered to be 
serious, ventricular tachycardia was seen only 
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once in the experimental series. In the control 
series 11 incidents of ventricular tachycardia 
(contributed by 6 different patients) were en- 
countered. 

The arrhythmia most often seen in the con- 
trol series was a coupling of ventricular pre- 
mature contractions with normal complexes; 
the next was a regular nodal rhythm. In the 
experimental series auricular premature con- 
tractions were most frequently encountered; 
next was a regular nodal rhythm. 

7. Nonrelatable arrhythmias. Arrhythmias 
which were not relatable to definite events 
and procedures were comparatively rare, num- 
bering only one-eighth as many as the relat- 
able arrhythmias. The same overall differ- 
ences between control and experimental series 
noted in the comparison of relatable tracings 
were manifested. 

Therapy. The effectiveness of pronestyl as 
a therapeutic agent in the treatment of ven- 
tricular arrhythmias was tested in 17 pa- 
tients; 7 of these were in the experimental 
prophylactic series. Intravenous injections 
for therapy were made 29 times, with re- 
version to normal sinus rhythm 25 times 
in an average time of 1.3 minutes (range 
o to 8 minutes) following the end of injection. 
The 4 ventricular arrhythmias which persisted 
were reverted to normal sinus rhythm by a 


TABLE VI.—DISTRIBUTION OF ARRHYTHMIAS DURING PHASES OF ANESTHESIA 



































































































































Eee Induction Intubation viacr Totals 
Types of cases — Surgery Anesthesia Combined 
 Y V x V Ey Vv = Vv y Vv = Vv Tr V 
Control 
Intrathoracic, No. ° ° 7 a 14 7 14 14 76 29 90 43 III 52 
Extrathoracic, No. ° ° 6 I 26 20 ° ° 44 33 44 33 76 54 
Others, No. I I I I ° ° I I 4 3 m 4 7 6 
Total, No. I I 14 4 40 27 15 15 124 65 139 80 194 112 
Distribution, per cent 0.5 0.7 7.2 ery 20.7 | 24.2 7.7. \ 13.4 | 63.90 | 58.2 |! 72.6 | 72.5 — _ 
Experimental 
Intrathoracic, No. 2 ° 8 2 10 5 12 10 45 22 57 32 17 39 
Extrathoracic, No. ° ° ° ° ° ° I I 3 3 4 4 4 4 
Total, No. 2 ° 8 2 10 5 13 II 48 25 61 36 81 43 
Distribution, per cent 2.4 ° 10.1 4.6 12.3 | 11.6 | 15.9 | 25.6 | 59.3 | 58.2 | 75.2 | 83.8 — _— 





T—All arrhythmias. 
V—Ventricular arrhythmias. 














second injection. The dosage range was o.1 
to 1.0 gram; the dose most often used was 0.5 
gram. The usual time taken for injection was 
either 30 or 60 seconds. In all instances 
pronestyl was not used until other measures, 
short of administration of any drug, had been 
unsuccessful. 

An evaluation of the effectiveness of a 
therapeutic agent must consider other factors 
which might also provide the results desired. 
A comparison of various measures can be 
made not only on the basis of frequency of 
success but also on the basis of the duration of 
effect. This type of comparison has been 
made, with respect to ventricular arrhythmias, 
of the following factors: changes in depth of 
anesthesia, improvement of ventilation, spon- 
taneous reversion, and pronestyl therapy. It 
was found that all measures delayed the recur- 
rence of ventricular arrhythmias for a longer 
period in the experimental prophylactic series 
than in the control series. Improvement of 
ventilation was more effective than other 
nonpharmacological measures. The differ- 
ence between the two series of patients held 
even in regard to spontaneous reversions. 
Pronestyl therapy was more effective than all 
other measures combined, and particularly 
effective in those patients in whom this 
therapy was superimposed on antecedent pro- 
phylaxis with the drug. 
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TABLE VII.—DURATION AND FREQUENCY OF 
VENTRICULAR ARRHYTHMIAS 


























Experimental Control 

Number of occurrences of ventricular 

arrhythmias 43 112 
Total duration (minutes) of. ventric- 

ular arrhythmias 200 361.5 
Average duration (minutes) 4-7 3-2 
Ventricular arrhythmia coefficient 

(V.A.C.) 8.6 40.4 





V.A.c.=trequency X duration, this represents a mathematical con- 
1000 trivance to simplify expression of the 
frequency of arrhythmias in terms of 

their duration. 


Seven cases demonstrating effective therapy 
with pronestyl follow. The first 5 received no 
prophylactic pronesty]l. 


CaAsE 1. M., 44 year old male with pulmonary 
tuberculosis; postpneumonectomy; thoracoplasty 
and thoracotomy, right. Anesthesia was induced 
with surital sodium and deepened with cyclopropane; 
an endotracheal airway was inserted. Thirteen 
minutes after intubation the patient began to have 
ventricular premature contractions, coupled with 
normal complexes. On 8 different occasions in the 
next 46 minutes this recurred, associated with 
changes from controlled respiration to compensated 
spontaneous respiration. The arrhythmias cleared 
7 times with deeper anesthesia and improved venti- 
lation. On the eighth occasion 500 milligrams of 
pronestyl were injected intravenously in 60 seconds. 
Following this, the patient was permitted to resume 
spontaneous respirations on 6 occasions; there were 
no arrhythmias on any of these occasions. Normal 
sinus rhythm persisted for 1 hour and 5 minutes, at 


TABLE VIII.—DISTRIBUTION OF RELATABLE TRACINGS AND ARRHYTHMIAS DURING 
PHASES OF ANESTHESIA 















































































































































Maintenance 
Total fia i i Induction Intubation 
Surgery Anesthesia Combined 
E Cc E Cc E Cc E (>: E Cc E € E Cc 
F No. 781 | 785 43 43 | 103 | 119 93 132 | 267 | 167 | 275 | 324 | 542 | 401 
Total tracings 
Per cent 100 100 5-5 5-5 | 13.2] 15.2] I1.9 16.8 | 34.2] 21.3] 35.2| 41.2] 69.4] 62.5 
No. 146 205 2 3 16 34 34 72 31 42 63 144 04 186 
Total arrhythmias Per cent 100 100 1.4 1.0] 10.9] 11.5] 23.3| 24.4] 21.3] 14.3| 43.1] 48.8] 63.4| 63.1 
Incidence 18.7 | 37.6 4:7 7.0} 15.5| 28.6| 36.5 54.2} 11.6] 25.1] 22.9| 44.4] 17-4] 37-9 
No. 51 150 ° I 3 12 II 40 12 26 25 71 37 97 
Ventricular. Per cent 100 100 _ 0.7 5-8 8.0 28.6 26.7 23-5 17.3 | 49 a 47-3 72.6 | 64.6 
arrhythmias —_| {incidence 6.5] 191] — 2.3 2.9| 1to.1 | 11.8 30.3 4.5| 15.6 9.1 | 21.9] 6.9 | 19.6 
Percentage of total 
arrhythmias 34.9! 509} — 0.6 2.1 4.1 7.5 13.5 8.2 8.71 17.1! 24.01 25.31 32.7 





























C—Control series; E—experimental series. 


Incidence—Number of tracings showing arrhythmias divided by total number of tracings, expressed as per cent. 
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TABLE IX.—INCIDENCE OF RELATABLE ARRHYTHMIAS DURING PRONESTYL PROPHYLAXIS 















































Total arrhythmias Ventricular arrhythmias 
Experimental Control Experimental Control 
Control 4:7 7.0 ° 2.3 
Induction 15.5 28.6 2.9 10.1 
Anesthesia Fs 
, b Intubation 36.5 54.2 11.8 30.3 
Prophylactic period 
Maintenance 27.3 38.8 13.6 33-3 
Surgery 4:5 14.0 ° 10.8 
(Surgery and) maintenance 8.3 18.0 2.3 14.4 
Post-prophylactic Anesthesia 22.4 44-7 8.7 21.2 
period 
Surgery 16.5 39-1 7-7 21.6 











Incidence—Number of tracings showing arrhythmias divided by total number of tracings, expressed as per cent. 
Prophylactic period—prior to thoracotomy. Postprophylactic period—subsequent to thoracotomy. 


which time, near the end of the surgical procedure, 
scattered ventricular premature contractions oc- 
curred. 

CAsE 2. K., 83 year old male with bowel cancer 
and metastases; exploratory laparotomy; occasional 
ventricular premature contractions prior to induc- 
tion with cyclopropane. Six minutes after induction, 
the patient began to have ventricular premature con- 
tractions coupled with normal complexes. After the 
arrhythmia had persisted for 4 minutes, 300 milli- 
grams of pronestyl were administered intravenously 
in 60 seconds, without effect. After 4 more minutes, 
200 milligrams were given, again without effect. 
After 2 more minutes 500 milligrams were injected 
in 60 seconds. Normal sinus rhythm was restored 
before the injection ended, and persisted until the 
patient emerged from anesthesia 48 minutes later, at 
which time he again manifested occasional ventricu- 
lar premature contractions. 

Case 3. D., 22 year old male; decortication of 
left lung. Anesthesia was induced with surital 
sodium and deepened with cyclopropane; an endo- 
tracheal airway was inserted. Two minutes after 
intubation the patient began to have frequent ventric- 
ular premature contractions, occasionally coupled 
with normal complexes; this persisted for 1 minute. 
Ten minutes later frank coupled rhythm occurred, 
for 2 minutes. After 2 minutes of normal rhythm, 
coupling recurred, for 5 minutes, and then became 
coupling with nodal rhythm. Then 500 milligrams 
of pronestyl were administered intravenously in 30 
seconds, and the arrhythmia cleared after it had per- 
sisted for 4 minutes. Nine minutes after injection, 
ventricular premature contractions coupled with nor- 
mal complexes reappeared and persisted for 1 minute 
until 500 milligrams of pronestyl were administered 
intravenously in 30 seconds. Normal sinus rhythm 
appeared at the end of injection. No further ven- 
tricular arrhythmias occurred for the remainder of 
me anesthesia, which ended 5 hours and 20 minutes 
ater. 

CasE 4. P., 23 year old male; pulmonary tuber- 
culosis; second stage thoracoplasty, right. Anesthe- 
sia was induced with surital sodium and deepened 


with cyclopropane; an endotracheal airway was in- 
serted. On 8 occasions in a period of 72 minutes, 
beginning 7 minutes before intubation, the patient 
showed ventricular arrhythmias, including 5 sepa- 
rate brief episodes of ventricular tachycardia. On 
4 of these occasions periosteal scraping appeared to 
be associated with the onset of the arrhythmia. On 
the last occasion 500 milligrams of pronestyl were 
administered intravenously in 30 seconds. Normal 
sinus rhythm was restored 2 minutes after the injec- 
tion was completed and persisted, despite repeated 
periosteal stimulation, for 40 minutes, when the 
anesthesia was terminated. 

CasE 5. I., 76 year old male; esophageal diverticu- 
lectomy. Anesthesia was induced with cyclopropane, 
and an endotracheal airway was inserted. During 
a 78 minute period beginning 3 minutes prior to in- 
tubation, the patient showed ventricular arrhyth- 
mias on 7 separate occasions, and nodal a on 
to others. On the last occasion, ventricular pre- 
mature contractions coupled with normal complexes 
were treated with 500 milligrams of pronestyl, in- 
jected in 60 seconds. Normal sinus rhythm was re- 
established with the completion of the injection. 
The arrhythmia recurred after 28 minutes. At this 
time 500 milligrams of pronesty] were again injected, 
and normal sinus rhythm was restored 1 minute 
after the completion of the injection. There were no 
further: arrhythmias for 41 minutes, at which time 
controlled respiration was halted for 30 seconds. 
Spontaneous respiration did not take place and the 
coupling recurred, reverting to normal sinus rhythm 
with the resumption of controlled respiration. 
There were no further arrhythmias for the remaining 
37 minutes. 


The following patients received oral and 
intravenous prophylactic pronestyl prior to 
thoracotomy. 


CasE 6. D., 34 year old female; pulmonary tuber- 
culosis; left lower lobectomy. The patient was 
given 1.0 gram of pronestyl by mouth 1 hour prior 
to induction with surital sodium. Anesthesia was 
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TABLE X.—RELATABLE ARRHYTHMIAS 








































































































Arrhythmias Number Incidence (per cent) bh ga 
E Cc E Cc E Cc 
General types 
Ventricular 51 150 6.5 19.1 34-9 50.9 
Atrioventricular nodal 42 79 5.4° 10.0 28.7 26.7 
Sinus 17 49 2.2 6.2 11.7 16.6 
Wandering pacemaker ° 10 — 1.3 — 3-4 
Auricular premature contractions 36 7 4.6 0.9 24.7 2.4 
Specific types 
Atrioventricular nodal Regular nodal rhythm 35 59 4.5 75 23.9 20.0 
Nodal p.c.’s 5 18 0.6 2.3 3-5 6.1 
Nodal bradycardia 2 ° 0.3 — 1.3 a 
Nodal tachycardia ° 2 os 0.2 — 0.6 
Ventricular Nodal rhythm coupled with 
V.p.c.’s 8 II 1.0 1.4 5-5 3-7 
Normal complexes coupled "a 
with v.p.c.’s 27 89 3-5 11.3 18.4 30.2 
V.p.c.’s 15 39 1.9 5.0 10.3 13.3 
Ventricular tachycardia I II 0.1 1.4 0.7 3-7 
Auricular premature contractions 36 7 4.6 0.9 24.7 2.4 














V.p.c.—vertricular premature contractions. 


deepened with cyclopropane, and an endotracheal 
airway was inserted. One gram of pronestyl was ad- 
ministered intravenously, in 200 milligram doses, 
during thoracotomy. On 4 occasions within 13 
minutes, ventricular premature contractions coupled 
with normal complexes occurred, apparently asso- 
ciated with traction on the bronchus. On the fourth 
occasion, 500 milligrams of pronestyl were injected 
in 30 seconds. Normal sinus rhythm returned with 
the end of the injection and persisted, despite re- 
peated tractions on the bronchus, for the next 2 
hours and 47 minutes, when anesthesia was com- 
pleted. 

CAsE 7. G., 36 year old female, pulmonary tuber- 
culosis; right upper lobe segmental resection. The 
patient was given 1.0 gram of pronestyl by mouth 30 
minutes prior to induction with surital sodium. 
Anesthesia was deepened with cyclopropane, and an 
endotracheal airway was inserted. One gram of 
pronestyl was administered intravenously, in 4 
doses, during thoracotomy. Over a period of 1 hour 
and 38 minutes, immediately following the intuba- 
tion, there were 4 episodes of ventricular arrhyth- 
mias, apparently associated with inadequate venti- 
lation. After the fourth episode, 1.0 gram of prone- 
styl was injected in 60 seconds. There were no 
further arrhythmias over the remaining 2 hours and 
45 minutes. 


Pronestyl was administered to 150 addi- 
tional patients in whom irregularities of pulse 


were detected by palpation, without electro- 
cardiographic diagnosis. These irregularities 
either had failed to respond to improved ven- 
tilation or to changes in depth of anesthesia, 
or had responded only briefly. Pronestyl was 
administered intravenously to these patients, 
and regular rhythm was restored in a large 
majority for prolonged periods. 

Pharmacology. 1. Toxicity of, pronesty]l. 
The pharmacology of pronestyl has been more 
fully reported elsewhere (7). In the current 
study, occasional manifestations of pronestyl 
toxicity appeared following intravenous in- 
jection. These were moderate, transient hypo- 
tension and, in a single instance, prolongation 
of ORS interval to more than 0.12 second. 

In the prophylactic series of patients, 74 
injections were made during thoracotomy. A 
parallel fall in both systolic and diastolic pres- 
sures followed 19 of these injections. In gen- 
eral the larger the dose and the more rapidly 
it was administered, the greater the average 
hypotensive effect (Table XI). In all cases 
normotensive levels reappeared within 
minutes. . 
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TABLE XI.—SYSTOLIC HYPOTENSION 











Speed of Change in systolic pressure’ 
Dose | Number dmi 
mgm. tration 
sec. None Fall | Mm Hg — 
‘a 

















Associated with Intravenous Pronestyl Prophylaxis during Thoracotomy 





















































































































































100 I 30 I a na ae 
200 37 30 32 5 148-128 
130-110 
120-100 
110- 86 
124-114 
18.8 
5 20 5 — _ — 
4 15 3 I 110-100 10 
13 10 8 5 130-110 
130-112 
124-108 
116-100 
112-100 
16.4 
300 2 10 I I II0-100 10 
500 I 120 — I 180-130 50 
8 60 5 3 140-120 
140-120 
II2- 70 
27.3 
1,000 3 120 _— E | 160-130 
140- 74 
124- 50 
56.7 
Totals 74 ~_ 55 19 — 26.2 
Associated with Intravenous Pronestyl Therapy 
100 3 5 3 — — oe 
200 I 60 I — _ —_ 
4 30 3 z 150-112 38 
=: ee <a ——— 
I 20 I - — — 
300 I 180 I _ — ae 
2 60 2 _ _— ary 
I 5 I -- — - 
400 I 240 I = — 
500 6 60 3 3 150-102 
130-100 
200-160 
39.3 
3 30 2 I 146-116 30 
3 20 I 2 120- 90 
120-100 
25 
2 15 2 —_ — we 
1,000 I 60 — I 150-126 24 
Totals 29 _ 21 8 _ 32.5 























Twenty-nine therapeutic injections of pro- 
nestyl were administered; a fall in blood pres- 
sure followed 8 of these (Table XI). 

2. Plasma levels of pronestyl. The average 
level of pronestyl attained in the experimental 
series 30 minutes after the last intravenous 
prophylactic dose was administered was 15.6 
gammas per cubic centimeter of plasma (range 
10.3 to 30.7). Within the next 2 hours, this 
level declined to an average of 7.6 gammas per 
cubic centimeter (range 4.8 to 9.4). 

The average level of pronestyl attained 30 
minutes after injection of a therapeutic dose 
of 500 milligrams was 7.6 gammas per cubic 
centimeter of plasma. 

Factors associated with the onset of arrhyth- 
mias. A tabulation of the ventricular arrhyth- 
mias encountered in this study reveals that in 
most instances a definite event or procedure 
could be associated with their onset (Table 
XII). Inadequate ventilation appeared to be 
associated with the onset of ventricular 
arrhythmias more often than any other single 
factor. Surgical procedures classically im- 
plicated in the initiation of arrhythmias were 
not often found to be associated with them. 
This is particularly true when the associated 
arrhythmias are evaluated in-terms of the 
number of times such surgical procedures 
took place (for example, periosteal scraping). 

The contribution of inadequate ventilation 
to the occurrence of arrhythmias is substan- 
tiated by Table XIII. During the intubation 
period (defined in table), as noted earlier, the 
incidence of relatable arrhythmias was higher 
than at any other period during anesthesia. 
The peak of incidence did not coincide with 
the actual act of intubation, but followed it. 
This peak occurred when the endotracheal 
tube was connected to the machine and the 
cuff of the endotracheal tube was inflated to 
eliminate leaks prior to adequate ventilation. 
On no occasion was inflation of the cuff itself 
associated with the onset of an arrhythmia. 
Controlled respiration, in progress up to the 
time of removal of the mask for laryngoscopy, 
was temporarily suspended during the time 
required for the manipulations of intubation, 
and spontaneous respiration was not resumed. 
The peak of arrhythmia incidence occurred, 
therefore, when ventilatory inadequacy was 
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greatest, that is, just prior to its termination. 
This is particularly well seen in Figure 1. 
The differences between the control and 


experimental series of 


patients during the 


intubation period are marked, especially in 


regard to incidence of 
arrhythmias. 


relatable ventricular 


The nodal arrhythmias out- 


numbered the ventricular in the experimental 
series, while the reverse was true in the control 


series. 


The converse of inadequate ventilation is 
improved ventilation. The role of improved 
ventilation in the reversion of many ventricu- 


lar arrhythmias to normal sinus rhythm has 


already been considered. These observations 
provide confirmatory evidence for the con- 
tribution of inadequate ventilation to the on- 
set of arrhythmias during general anesthesia. 


DISCUSSION 


Prophylaxis. This study of patients under- 


going thoracic surgery 


during cyclopropane 


anesthesia demonstrates that pronestyl, ad- 
ministered prophylactically, reduced the in- 
cidence of all types of arrhythmias, and espe- 
cially of ventricular arrhythmias, for extended 
periods of time. Ventricular arrhythmias in 
the control series occupied 8.1 per cent of the 


total anesthesia time; 


in the experimental 


series, this was reduced to 3.2 per cent. The 
difference in incidence of arrhythmias in the 
two series of patients was marked despite the 


presence of several factors which would tend 


to minimize any differences between them. 


Patients in the control 


series were younger; 


only ro underwent intrathoracic operations; 
the average duration of anesthesia was con- 
siderably less than in the experimental series; 
and these patients were generally healthier 
than those in the experimental series, the 
difference in health being chiefly a difference 
in pulmonary function and reserve. 
Ventricular tachycardia, which is considered 
to be a serious ventricular arrhythmia, was 
infrequently encountered in this study, but 
much more often in the control series (11 
times, in 6 patients) than in the experimental 
series (once). Clinical observations have sug- 


gested that ventricular 


fibrillation may de- 


velop at any instant during a paroxysm of 


ventricular tachycardia. 


Therefore, prophy- 
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TABLE XII.—EVENTS AND PROCEDURES ASSO- 
CIATED WITH ONSET OF VENTRICULAR AR- 








RHYTHMIAS 
Experimental 
eae - se ec es 
No. 0 
arrhythmias arrhythmias 
Anesthesia 





Inadequate ventilation 





Light anesthesia 


Deep anesthesia es = 
Inflation of lung i. 
| 





Endotracheal suction and buck | 
























































I 
Intubation ms 7 ; “0 - 
Total es 2 ~ 69 (61.6%) | ; 20 (46.5 5% 

Surgery 
Periosteal scraping 8 ° 
Traction on bronchus oe ig 4 — a es snes 
Tractiononhilum = | +r | oo | ; 
Traction on pericardium ee a —_ "7 
Traction on esophagus | st 9 ; 
Pleura ti (i‘iélizrLOt(tt*é<‘(RTSSC‘idS! 
Manipulation of pulmonary | - 

artery ° I 
Cutting of rib a % ° 7 I _— 

Removal of specimen ; ° I 
Total 7 21 (18.8%) 10 (23.3%) 
Unknown factors* 22 (19.6%) 13 (30.2%) 








*In this category are grouped the arrhythmias whose onset could not 


be associated with any single factor. 


lactic and therapeutic measures of known 
value in reducing the incidence of ventricular 
tachycardia should certainly be employed. 


Every instance of ventricular 


tachycardia 


observed in this study was preceded by ven- 


tricular premature contractions, 


occurring 


either singly, in pairs, or coupled with normal 
or atrioventricular nodal complexes. The view 
of a possible progression of ventricular ar- 
rhythmias in anesthetized patients, from the 
innocuous to the serious, would appear to 
have sufficient basis to justify the application 
of antiarrhythmia measures against any ven- 


tricular arrhythmias. 


The method of computation of arrhythmia 
incidence which was emphasized in this report 
furnished information regarding factors asso- 
ciated with the onset of arrhythmias during 


cyclopropane anesthesia for thoracic surgery. 
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TABLE XIII.—INCIDENCE OF RELATABLE AR- 
RHYTHMIAS IN THE INTUBATION PERIOD! 





. Per cent of 
Incidence —_ Incidence | total ar- 
(total) ialar) (nodal) rhythmias 
of period* 





E CIE C/E Cc E Cc 





Laryngoscopy 29.1 | 51.5| 4.1 | 21.4 | 25.0 | 27.2 | 20.6 | 23.6 





Uncompli- 


cate 38.9 | 50.0| 5.6 | 27.2] 33.3 | 1.4] 20.6 | 15.3 





Intuba-|Complicated| o | 42.8} o | 14.3| o | 285] — 4.2 


tion 
With bucking} 46.1 





40.0| 15.4 | 26.7] 30.7] 6.7] 17.6] 83 














Total 34.2 | 45.6] 7.0] 25.0] 26.3 | 13.6 | 38.2 | 27.8 
Total 32.0 | 48.0] 6.4 | 23.4] 25.6 | 19.5 | 58.9 | 51.4 
Hookup 44.4 | 69.4 | 11.1 | 44.4 | 33-3 | 13-9 | 11.8 | 34.7 





Inflation of cuff 45.4 | 52.6 | 27.3 | 31.6| 9.1 | 15.8 | 20.4 | 13.0 





Grand total 41.9 | 56.8] 11.8 | 30.3 | 22.6] 17.4] — | — 

















Overall total? 18.7 


1Defined as period from time of removal of mask for laryngoscopy to 
time patient is ready to be placed in position for operation. 

2Entire arrhythmia study, complete cases. 

*Total arrhythmias of intubation period: experimental series, 34; con- 
trol series, 72. 

C—Control series; E—experimental series. 


37-6] 6.5] 10.11 5.4) 100] — _— 

















The use of this method is based on the opinion 
that arrhythmias must be evaluated not only 
in terms of their nature, but also in terms of 
their duration and frequency. In this regard, 
the longer average duration of ventricular 
arrhythmias found in the prophylactic series 
cannot be viewed as an incidental finding. In 
part, their duration may be explained by fail- 
ure to institute corrective measures as prompt- 
ly as in the control series, in order that the 
effectiveness of prophylaxis, in regard to the 
persistence of arrhythmias, might be better 
assessed. In some measure, explanation must 
also fall back upon the hypothesis that arrhy- 
thmias which occurred despite prophylaxis 
with pronestyl perhaps required stronger pro- 
vocation, and were hardier, than those occur- 
ring in the control series. 

In view of the variability in plasma levels 
of pronestyl attained by combined oral and 
intravenous prophylaxis, intravenous pro- 
phylaxis alone is recommended as being more 
dependable in the preoperative patient. In- 
travenous administration circumvents factors 
which may hinder gastrointestinal absorption 
in such patients. It is suggested that 500 
milligrams be administered over 3 to 5 minutes 
just prior to induction. This may be followed 


by a like quantity shortly after induction of 
anesthesia, prior to laryngoscopy and intuba- 
tion, administered in 2 to 4 minutes. For the 
additional 1.0 gram injected during thoracot- 
omy, divided doses, regularly spaced during 
the interval required for this part of the sur- 
gical procedure, are recommended. If circum- 
stances favor the oral administration of the 
drug, a blood level usually can be obtained by 
this route that is within prophylactic range. 

Therapy. Pronestyl was found to be uni- 
formly useful in the treatment of ventricular 
arrhythmias. The drug was administered 
intravenously in treatment of those arrhyth- 
mias which did not respond to ordinary 
measures, or which responded transiently and 
recurred as soon as initiating or predisposing 
factors were reintroduced. Pronestyl regu- 
larly abolished the arrhythmias and prevented 
their recurrence for extended periods of time. 
Because of the transient hypotension occa- 
sionally produced by moderate intravenous 
doses of pronestyl, an initial scouting dose of 
200 milligrams, in 60 seconds, is recommended 
for therapy. This may be followed, if required 
and if no marked hypotension occurs, by 500 
milligram doses, in 2 to 4 minutes. If marked 
hypotension follows the test dose, subsequent 
dosage should be reduced. The case histories 
presented serve to emphasize the importance 
of adequate dosage. 

Action of pronestyl. It is unknown by what 
mechanism pronestyl influences ventricular 
arrhythmias. By some means, pronestyl 
would appear to depress ventricular irritabil- 
ity. Specifically, the refractory period, as 
measured by the Q-T interval, is prolonged. 
Whether the effect of pronestyl is due to a 
direct action of circulating drug or whether its 
effect is mediated through either the nervous 
system or some humoral mechanism, or both, 
has not yet been clarified. In view of the ob- 
servation that inadequate ventilation was 
associated with most of the ventricular ar- 
rhythmias encountered in this study, one may 
speculate that the efficacy of pronesty] lies in 
its diminution of the oxygen requirement of 
ventricular musculature and the cardiac con- 
duction system. Or, conversely, perhaps 
pronesty] participates in intracellular oxidative 
processes to increase oxygen utilization by 
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these tissues, as has been reported for oua- 
bain (10). 

The effect of pronesty] on auricular function 
appears to be minimal. The high incidence of 
auricular premature contractions in the exper- 
imental series must be regarded as being due 
to a relative decrease in total number of 
arrhythmias. 

Atrioventricular nodal rhythms were fre- 
quently observed to be associated with deep 
anesthesia in both series. This association has 
been noted by others (3, 6) and has also been 
seen in a study of arrhythmias during ether 
anesthesia now in progress at this institution. 
The development of atrioventricular nodal 
rhythm is not unusual in cases of anoxia. 
Further, so-called “escape of the lower cen- 
ters” is noted in conditions where there is de- 
pression of the sinoauricular pacemaker. The 
unusually high incidence of atrioventricular 
nodal rhythms during anesthesia would sug- 
gest that depression of the normal pacemaker 
has occurred due to hypoxia or effect of the 
anesthetic agent, or both. 

Factors associated with the onset of ventricular 
arrhythmias. In this study inadequate venti- 
lation was the major factor associated with 
the occurrence of ventricular arrhythmias. It 
remains to be determined whether it is de- 
creased oxygen or increased carbon dioxide, or 
both, in the circulating blood and the tissues 
which is primarily concerned. Toward this 
end, studies are now in progress. 

Reflex mechanisms rarely appeared to play a 
direct, significant role in the onset of arrhyth- 
mias. Perhaps only insofar as these mechan- 
isms contribute to inadequate ventilation may 
they be considered to be responsible for the 
initiation of arrhythmias. For example, perios- 
teal stimulation may initiate arrhythmias 
through reflex brief inhibition of respiration. 
Similarly, traction on a bronchus may inter- 
fere with ventilation, either through a reflex or 
by direct mechanical interference with respira- 
tory exchange. In regard to pericardial stimu- 
lation, in this same connection, perhaps the 
intimacy of the nerve supply of the pericar- 
dium with that of the diaphragm, with respect 
to the phrenic nerve, should be recalled. As 
for reflexes from the larynx and trachea, asso- 
ciated with endotracheal intubation, the ob- 
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Fig. 1. Incidence of relatable arrhythmias in the intuba- 
tion period. a, Incidence of total arrhythmias; 6, incidence 
of ventricular arrhythmias; C, control; EZ, experimental. 


servation that the incidence of arrhythmias 
at the time of laryngoscopy was just as high 
as the incidence at the time of intubation 
would appear to be significant. This of course 
does not rule out the possible influence of 
pharyngeal and epiglottic stimulation. It is at 
least suggestive that laryngeal and tracheal 
reflexes are of no greater importance in pre- 
cipitating arrhythmias than are reflexes from 
the pharynx and epiglottis. This problem is 
undergoing further study. 

Arrhythmias of all types have been found 
to occur in just as many patients during 
anesthesia with one agent as with another. 
Kurtz and co-workers reported a high inci- 
dence of ventricular arrhythmias during cyclo- 
propane anesthesia, but attributed this to the 
fact that cyclopropane was their agent of 
choice in poor risk patients. Since in the series 
of patients under consideration in the current 
report light anesthesia appeared to be asso- 
ciated with the onset of ventricular arrhyth- 
mias just as often as deep anesthesia, it would 
seem unlikely that cyclopropane itself can be 
held solely responsible for these arrhythmias. 





86 SURGERY, GYNECOLOGY AND OBSTETRICS 


The presence of hypoventilation during cyclo- 
propane anesthesia, however, may predispose 
to the occurrence of ventricular arrhythmias 
more readily than during anesthesia with 
other agents. No relationship between the 
cardiac status of the patients studied and the 
incidence of arrhythmias was noted. 

Since a ventricular arrhythmia may ap- 
parently progress from the clinically innocuous 
to the clinically serious, and since the persist- 
ence of any arrhythmia, particularly a tachy- 
cardia, may eventuate in inadequate coronary 
blood flow, acute coronary insufficiency, and 
ventricular fibrillation, the importance of its 
prompt recognition during clinical anesthesia, 
by an electrocardiographic apparatus, cannot 
be too strongly emphasized. 


SUMMARY 


1. Pronestyl was employed prophylacti- 
cally and therapeutically to protect patients 
undergoing thoracic surgery during cyclo- 
propane anesthesia against arrhythmias. Pro- 
phylactically, the drug decreased the inci- 
dence of all types of arrhythmias, of ventric- 
ular arrhythmias especially, and of ventricular 
tachycardia particularly. Therapeutically, 
pronestyl regularly reverted ventricular ar- 
rhythmias to normal sinus rhythms. 

2. Oral and intravenous administration of 
pronestyl provided clinically effective plasma 
levels for extended periods of time. 


3. An analysis of the factors concerned in 
the onset of arrhythmias during cyclopropane 
anesthesia has been made. 
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DIFFUSE FAMILIAL POLYPOSIS OF THE COLON 


CHARLES W. MAYO, M.D., F.A.C.S., JAMES H. DEWEERD, M.D., and 
RAYMOND J. JACKMAN, M.D., Rochester, Minnesota 


IFFUSE familial polyposis of the 
colon, variously termed “multiple 
polypoid disease,” “diffuse polyp- 
oid disease,” “‘polypoidosis,” “mul- 

tiple adenomatosis,” or “multiple polyposis of 
the colon,” is a comparatively rare but inter- 
esting disease. 

The first accurate description is accredited 
to Virchow, who in 1863 described the disease 
in a 15 year old boy. To Cripps must go the 
credit for recognition of the familial tendency 
when he, in 1882, reported 2 cases of diffuse 
polyposis in which the patients were a male, 
aged 19 years, and a female, aged 17, who were 
brother and sister. Dukes called attention to 
scattered early reports, some made as early as 
1721, which were probably reports of polypi 
appearing in the colon secondary to long- 
standing inflammatory processes. 

Early literature on the subject is sparse and 
demonstrates evident confusion in distinguish- 
ing the condition under discussion from the 
secondary or pseudopolyposis seen subsequent 
to inflammatory disease. Nor is the recent 
literature entirely devoid of this confusion 
despite general acceptance of the classifica- 
tion suggested by Erdmann and Morris in 
1925. Their two types consisted of type 1, 
the adult or acquired type (secondary polyp- 
osis or pseudopolyposis), and type 2, the 
adolescent disseminated type (familial polyp- 
osis). Wesson and Bargen agreed with this 
classification in essence but called the tst 
type ‘“‘postinflammatory polyps” and recog- 
nized Erdmann and Morris’s type 2 as true 
polyps. 

Hullsiek in 1928 was able to collect reports 
of only 127 cases from the world literature. 
Scarborough collected 301 cases recorded prior 
to 1937 and McLaughlin added 30 cases to 
bring the total number of reported cases to 


331 in 1943. 


a the Division of Surgery and Section on Proctology, Mayo 
inic. 
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Since the second decade of the century, a 
great deal of attention has been given to trac- 
ing family histories in cases of diffuse polyposis 
with the result that it is now definitely estab- 
lished that the disease classified as type 2 by 
Erdmann and Morris is an inheritable one and 
is transmitted by and affects both sexes as a 
mendelian dominant characteristic. Lock- 
hart-Mummery made an interesting observa- 
tion that, unlike similarly inherited conditions 
such as hemophilia, deaf mutism, or brachy- 
dactylia, diffuse polyposis is not present when 
the child is born but develops about the time 
of puberty or in some cases reaches the clinical 
horizon even later in life. In this respect it is 
like hereditary optic atrophy. Dukes in 1930 
published 13 family pedigrees as convincing 
proof that this disease is an inheritable one. 
When the mutated gene is carried as a mende- 
lian dominant characteristic, the disease will 
tend to appear in each generation. If it be- 
comes recessive it becomes necessary for each 
parent to carry the mutated gene. This com- 
bination may not occur for many generations, 
and consequently, the hereditary factor in 
isolated cases of otherwise typical diffuse polyp- 
osis may not be recognized. 

The exact nature of the mutated gene re- 
mains a matter of conjecture. Since we have 
no evidence of existence of the disease at 
birth, it is natural to conclude (11) that the 
hereditary factor is the ability or inclination, 
if you will, of the subepithelial lymphoid tissue 
and secondarily the epithelial cells of the mu- 
cosa itself to proliferate at a certain age with 
resultant formation of sometimes innumerable 
simple adenomatous polyps throughout the 
large intestine. 

McKenney contended that the disease is 
congenital in origin and based his contention 
upon his published findings of multiple tiny 
polyps in a 2 year old child and progressively 
larger polyps in 3 other children (aged 5, 9, 
and 11 years, respectively) in the same family 
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group. In his series of 21 cases, 5 of the pa- 
tients were between 1 and 11 years of age. 


MATERIAL 


This report is based upon g5 cases of diffuse 
familial polyposis seen at the Mayo Clinic 
during the 15 years ending in 1947. 


HEREDITARY ASPECTS 


Among the family histories as related by the 
95 patients were several pedigrees not unlike 
those published in the literature on the sub- 
ject. We found that a majority of patients 
had little or no knowledge as to the state of 
health or cause of death of their grandparents. 
Many did not know accurately what diseases 
their siblings or parents had or, if they were 
deceased, what the exact cause of death was. 
Consequently, at best, most family histories 
provide information regarding only 2 genera- 
tions. A few provide information about 3 
generations. In the 1 case in which the in- 
formation extended through 4 generations, we 
must admit that the information regarding 
the first generation may be largely conjecture 
or supposition. Deaths in this remote genera- 
tion must have occurred at or before the turn 
of the century, when, as stated previously, 
little was known about this disease. 

In 39 of the g5 cases, the patients said that 
a grandparent, parent, or sibling had diffuse 
polyposis. An additional 11 patients told of 
relatives who had died of carcinoma of the 
colon, many of them at an early age. In the 
remaining 45 cases the family history either 
was insignificant or the patients did not have 
any knowledge as to the cause of death of their 
ancestors. 


SEX, AGE, AND RACE 


Since 52 of the patients were males and 43 
were females, no definite sex predominence 
was suggested. Likewise, the hereditary trans- 
mission of the mutated gene showed no in- 
clination for either sex. In 18 cases in which 
there was a definite 2 generation sequence, 
there were 4 cases in which the disease was 
transmitted from father to son, 4 cases in 
which it was transmitted from father to 
daughter, 6 cases in which it was transmitted 
from mother to daughter, and 4 cases in which 


it was transmitted from mother to son. In 2 
cases, the family history illustrated a reversal 
of sex of patients with diffuse polyposis in 3 
successive generations. 

That this disease is an affliction peculiar to 
youth but not infancy has long been accepted 
as a fact. Available evidence is overwhelm- 
ingly in favor of the stated belief that the 
disease is hereditary but not congenital. An 
extensive review of the literature failed to dis- 
close any report of a case in which diffuse 
polyposis had occurred in the colon of a new- 
born infant. It is impossible to make any 
definite statement regarding the age at which 
polyps begin to form in the colon. Lockhart- 
Mummery cited an interesting case in which a 
man, aged 39 years, was examined because of 
a family history of polyposis. Although the 
initial examination did not disclose any ab- 
normality, subsequent examination, which 
was performed 4 years later, revealed the 
presence of myriads of tiny polyps in his 
colon. Since the symptoms of polyposis of the 
colon vary in different cases, it is impossible 
to say how long the polyps may be present be- 
fore they produce symptoms. Our observa- 
tion from a few cases in which the progeny of 
a parent with diffuse polyposis was followed 


has been that bleeding or other symptoms . 


often did not occur until perhaps 10 years 
after initial appearance of polyps during 
adolescence. In our series of 95 cases, the 
ages of the patients ranged from 3 to 56 years 
(Fig. 1). When the diagnosis was made at 
the clinic, 36 of the patients were in the third 
decade of life and 37 were in the fourth decade. 
It is evident, therefore, that 73 (76.8 per cent) 
of the patients were between 20 and 39 years 
of age. In only 6 cases were the patients 50 
or more years of age. It is interesting to note 
that in 5 of these 6 cases the preoperative diag- 
nosis was a malignant tumor of the colon 
superimposed on diffuse polyposis. All of the 
95 patients were white. 


SYMPTOMS 


No single symptom or symptom complex 
can be considered pathognomonic of diffuse 
polyposis. Any of the symptoms that were 
present in our series of cases could be attrib- 
uted to a number of other pathologic lesions 
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of the colon. As anticipated, blood in the 
stools and loose stools or diarrhea usually 
were the chief symptoms. Thirty-four pa- 
tients said that they had had blood in the 
stools but had not had any diarrhea. Four- 
teen patients had had diarrhea or frequent 
loose stools but had not noted associated 
blood. Forty-two sought medical care because 
of both diarrhea and bleeding. Thus one or 
both of these important signs of disease of 
the colon were present in go (g5 per cent) of 
the g5 cases. Five patients said that they had 
not had any symptoms referable to the 
colon, and they were examined only because 
of a history of diffuse polyposis in the imme- 
diate family. Additional symptoms reported 
were excessive amounts of mucus in the stools, 
attacks of cramping, abdominal discomfort, 
and pain. One patient who had definite 
symptoms of intestinal obstruction was found 
to have a carcinoma of the rectosigmoid super- 
imposed upon diffuse polyposis. 

The severity of the bleeding and diarrhea 
varied tremendously in different cases. In 
general, by these symptoms alone, diffuse 
polyposis was indistinguishable from diffuse 
polyposis complicated by carcinoma. It 
follows that it could not be accurately deter- 
mined, on the basis of the symptoms, when 
malignant degeneration occurred. In 1 case, 
a man, aged 33 years, who had had diarrhea 
and occasional intestinal bleeding for 26 years, 
was found to have a large inoperable car- 
cinoma beginning 2 centimeters above the 
dentate margin. In some cases, close interro- 
gation disclosed evidence of some increase in 
the severity of diarrhea or bleeding, which 
probably was related to the development of 
malignancy. The symptoms had been present 
for 1 year or less in 25 cases, while, at the 
other extreme, 6 patients said that they had 
suffered from their presenting symptoms for 
20 years or more. One man, aged 44 years, 
said that he always had had loose bloody 
stools. His only other symptom was some 
vague pain which had occurred recently in the 
lower part of the abdomen. In addition to 
diffuse polyposis, examination revealed an 
annular carcinoma in the midportion of the 
rectum. In 7 cases in which symptoms had 
been present for less than 2 years, examination 
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Fig. 1. Age of patients at time of diagnosis of diffuse 
familial polyposis. 


revealed a malignant lesion superimposed 
upon polyposis. In 1 of these cases, symptoms 
had been present for only 4 months. We 
must conclude that diffuse polyposis may 
exist for years without causing symptoms, or 
the symptoms from the onset may be such 
that malignant degeneration produces no no- 
ticeable change until it is far advanced. 


PHYSICAL FINDINGS 


Complete general physical examination was 
performed in all of the 95 cases. Other than 
the rectal findings, the results of such exami- 
nation were normal except when malignancy 
had entered the picture. Then the usual loss 
of weight, anemia, abdominal mass, and other 
signs of chronic illness were frequently noted. 
The blood pressure, pulse, and temperature 
were not significantly abnormal in any case. 

Careful digital examination of the rectum 
was undoubtedly the most important part of 
the general examination. Initial rectal exami- 
nation was reported unsatisfactory in 8 cases. 
However, in 52 of the remaining 87 cases, a 
diagnosis of diffuse polyposis of the rectum or 
polyposis plus carcinoma was suggested by 
this all important maneuver. In 11 additional 
cases, rectal or anal masses, interpreted to be 
carcinoma, were observed. 


SPECIAL EXAMINATIONS 


Proctosigmoidoscopic examination. Procto- 
sigmoidoscopic examination was performed in 
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Fig. 2. Multiple discrete polyps situated on distal 
surface of valve of Houston. These polyps are amenable 
to fulguration. 


93 of the 95 cases, and resulted in a positive 
diagnosis of diffuse polyposis in 100 per cent 
of the cases in which the rectum, rectosig- 
moid, and the sigmoid could be visualized 
(Fig. 2). In 3 cases, massive low-lying car- 


cinoma made it impossible to inspect the in- 
testine proximal to the lesion. 

The very evident importance of careful 
proctosigmoidoscopic scrutiny in these cases 
need not be debated. Proctologists recognize 2 
main types of diffuse polypoid disease (2). In 
the first type, sessile or pedunculated polyps 
are discrete with normal appearing mucosa in- 
tervening. In the second type, considered to 
be an advancement of the process beyond type 
1, there is diffuse hyperplastic involvement of 
the mucous membrane with associated polyps. 
The proctologist’s recognition of these two 
types is, as will be mentioned later, of utmost 
importance in the selection of treatment, since 
in type 1 the portion of the bowel which can 
be visualized through the anus can be cleared 
of polyps by fulguration without altering its 
function, whereas, in the second type, ful- 
guration is not recommended because the 
necessary destruction of hyperplastic mucous 
membrane results in a scarred, contracted, 
ill-functioning channel. Valuable information 
is added by microscopic examination of be- 


nign appearing polyps as well as those sus- 
pected of having undergone malignant de- 
generation. 

Roentgenologic examination. Of equal im- 
portance as a special diagnostic examination 
is the roentgenologic examination of the 
colon. Generally, simple fluoroscopic exam- 
ination demonstrates these polypoid lesions 
very nicely, however, a very dramatic demon- 
stration can be obtained by means of the 
double contrast method first described by 
Fischer and modified by Weber. These diag- 
nostic procedures were used in 8g of the 95 
cases. The roentgenologic diagnosis was as 
follows: diffuse polypoid lesions of the entire 
colon (Fig. 3) in 75 cases, diffuse polyposis 
plus carcinoma (Fig. 4) in 12 cases, and car- 
cinoma alone in 2 cases. In these 2 cases, 
laparotomy disclosed diffuse polyposis of the 
entire colon. 

In 6 of the 95 cases, roentgenologic exami- 
nation of the colon was not performed be- 
cause of the poor physical condition of the 
patients or because of various other contrain- 
dications such as the presence of an obstruct- 
ing or partially obstructing lesion situated in 
the lower part of the colon. In 1 of the 6 
cases, abdominoperineal resection of the 
rectum and sigmoid was performed for an ob- 
structing malignant lesion. Subsequent roent- 
genologic examination, which was performed 
by injecting the contrast media through the 
colonic stoma, disclosed diffuse polypoid dis- 
ease of the remaining portion of the colon. 
The diagnosis was confirmed by exploratory 
laparotomy in 4 cases and by necropsy in the 
remaining case. 

Roentgenologic examination of the stomach 
was performed in g cases. In 7 of the g cases, 
this examination did not disclose any abnor- 
mality. One patient, a woman aged 27 years, 
was found to have 2 polyps in the stomach as 
well as several small polyps in the small in- 
testine. Polyps were also discovered in the 
stomach of a man, aged 39 years, who had a 
high grade carcinoma of the rectum in addi- 
tion to diffuse polyposis. 

Repeated roentgenologic examination of the 
colon is of value in cases in which patients are 
advised to defer a radical operation or refuse 
to undergo such treatment for personal rea- 
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sons. By careful examination performed 
every 6 to 12 months, the roentgenologist can 
with considerable accuracy plot the growth 
curve of individual polyps and thereby im- 
measurably aid the diagnostician and sur- 
geon in formulating their advice to the pa- 
tient. Such a program, however, has many 
pitfalls and is dangerous, particularly if the 
patient fails to return periodically for exami- 
nation. This was well demonstrated by 2 
cases in which the patients returned 8 and 9 
years respectively after the initial examina- 
tion. Both had large malignant lesions of the 
colon superimposed upon the original polyp- 
oid lesions. 


TREATMENT 


Once the diagnosis has been confirmed, the 
course of action is clear. The malignant 
potentialities of polypoid lesions of the colon, 
which have been the subject of numerous and 
voluminous writings, are universally accepted 
and need not be debated further here. We ad- 
here to the thesis that all polyps of the colon 
are malignant or will become malignant if 
they are not destroyed and if the patient lives 
long enough (1). This admittedly extreme 
yet indisputable view provides the basis for 
a very definite program of treatment, that is, 
early extirpation of those parts of the colon 
which are not accessible to direct visualization 
and fulguration with the proctosigmoidoscope, 
or extirpation of the entire colon in selected 
cases. 

Whereas Cattell, Estes, and other authors 
have expressed the opinion that the treatment 
of choice is resection of the entire colon with 
establishment of a permanent ileac stoma, we 
feel that in those cases in which fulguration 
of discrete polyps in the rectum, rectosig- 
moid, and the distal portion of the sigmoid is 
feasible the anal sphincter and distal 20 to 24 
centimeters of the colon may be preserved 
and continuity of the intestine re-established 
by ileosigmoidostomy after extirpation of the 
remainder of the colon. 

Surgical treatment was advised in all but 
8 of the 95 cases. In 3 of the 8 cases, examina- 
tion disclosed metastasis of malignant lesions 
of the colon to distant parts of the body. Op- 
eration was considered inadvisable or de- 
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Fig. 3. Diffuse polyposis of entire colon, demonstrated 
by double contrast roentgenography. 


ferred in 5 other cases because of complicating 
illnesses or other situations which precluded 
extensive surgical procedures. 

For the most part, patients were advised 
that colectomy should be performed without 
undue delay. In cases in which proctoscopic 
or roentgenologic examination disclosed evi- 
dence of a supervening malignant lesion, the 
patients were strongly urged not to delay 
surgical intervention a moment longer than 
absolutely necessary. Only in a few isolated 
instances in which careful proctoscopic and 
roentgenologic examination demonstrated that 
all polyps were minute in size did the age, the 
psyche, or the social or economic status of the 
patient influence the surgeon to agree to defer 
radical extirpation of the colon. To follow 
such a course, frequent, careful follow-up 
examinations are imperative. Admittedly, the 
size and rate of growth of individual polyps 
are not infallible indications of presence or 
absence of malignant change, but the diag- 
nostician and surgeon must rely heavily upon 











Fig. 4. Polyps scattered throughout entire colon with 
annular lesion in descending colon. Roentgenogram made 
by double contrast method. 


the opinion of the proctologist and roent- 
genologist in determining whether he dare 
allow the patient to continue his procrasti- 
nation. 

Briefly, an illustrative case is that of a 26 
year old female patient who had familial dif- 
fuse polyposis. With a thorough understand- 
ing of her condition she decided, because of 
personal and family circumstances, not to 
accept the risk of radical operation at the 
time. She returned faithfully for re-examina- 
tion an average of once or twice a year, and 
rectal and sigmoidal polyps were fulgurated 
as they appeared. Twelve years after the 
diagnosis was made, a dozen of the larger 
polyps were removed transcolonically. Two 
years later, roentgenologic examination dis- 
closed another polyp of the sigmoid which had 
increased in size alarmingly. She was con- 
vinced that she must then accept the surgical 
risk of a colectomy. Accordingly, a single 
stage subtotal colectomy with end-to-end 
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ileosigmoidostomy just above the rectosig- 
moid was performed. 

In contrast to this story of successful pro- 
crastination is the case of a 12 year old boy 
whose diffuse polypoid disease was diagnosed 
after loose, bloody stools had been present for 
6 years. Operation was deferred. A few rectal 
polyps were fulgurated 2 years later. When 
the patient was finally brought back for his 
third examination 6 years after the diagnosis 
was made, the diameter of several polyps in 
his colon had increased to 3 centimeters, and 
he had a large, grade 2 adenocarcinoma 
situated 10 centimeters from the dentate 
margin. 

Seventy-three of the 95 patients in this 
series were treated surgically at the clinic. 
Three patients went elsewhere to have sub- 
total colectomy performed. Eleven patients 
did not submit to surgical treatment despite 
advice to the contrary. We previously said 
that operation was deemed inadvisable in 8 
cases. 

A variety of surgical procedures were carried 
out in.these 73 cases in accordance with indi- 
vidual findings and indications. In 41 cases, 
subtotal colectomy was performed and the 
continuity of the intestine was re-established 
by ileosigmoidal or ileorectosigmoidal anasto- 
mosis. In all of these cases, the patients had 
polypoid disease, type 1, of the terminal 25 
centimeters of colon. The proctologist’s opin- 
ion was that all of the polyps could be ful- 
gurated successfully. In general, such fulgura- 
tion was carried out first in order to allow the 
anastomosis to be made in a segment of colon 
already freed from polyps. A multiple stage 
procedure was performed in 31 of the 41 cases, 
and a single stage operation was performed in 
10 cases. Three types of anastomosis were used 
in re-establishing the continuity of the intes- 
tine. In those cases in which a multiple stage 
procedure was employed, either an end-to-side 
or side-to-side ileosigmoidostomy was _ per- 
formed, the end-to-side anastomosis being pre- 
ferred because it eliminates the danger of sac- 
culation and dilatation of the blind end of the 
ileum which sometimes occurs after side-to- 
side anastomosis of two hollow viscera. We 
feel that the end-to-end anastomosis of the 
ileum to the sigmoid is the procedure of choice 
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in the single stage operation. Inequalities in 
the size of the lumen of the 2 organs can almost 
invariably be dealt with by cutting the small 
bowel obliquely and then, if necessary, fur- 
ther increasing the circumference of the cut 
edge of the small bowel by cutting its anti- 
mesenteric border longitudinally. The sur- 
geon must be most cautious in his evaluation 
of the disposition and length of the pelvic 
colon so as to make the anastomosis at a site 
so that all the remaining large bowel and the 
anastomosis can be visualized by the proc- 
tologist. This is to insure that all polyps, 
which are almost certain to form in the remain- 
ing colon, can be fulgurated. It is likewise 
important not to sacrifice needlessly the distal 
portion of the colon, since it stands to reason 
the best functional result is obtained by leav- 
ing a larger reservoir for the stools. 

Four patients were treated by multiple 
stage total colectomy after a permanent ileac 
stoma had been established. Two of these 
patients had type 2 or diffuse hyperplasia of 
the rectal and rectosigmoidal mucosa. One pa- 
tient had secondary adenocarcinoma, grade 2, 
of the rectum and the remaining patient had 
a secondary adenocarcinoma, grade 3, of the 
sigmoid. 

In 7 cases in which a two stage subtotal 
colectomy had been planned, only the first 
stage of the procedure, that is, ileostomy, was 
performed. Five of the 7 patients died in the 
hospital after the first operation. The 2 re- 
maining patients have not submitted to the 
second stage of the operation. 

Secondary malignant lesions also were pres- 
ent in 15 other cases. Depending on the site 
of the malignant lesions, the patients in these 
cases were treated by combined abdomino- 
perineal resection or posterior resection of the 
rectum and the establishment of an abdominal 
colonic stoma, by hemicolectomy, or by seg- 
mental resection of the involved portion of the 
colon and immediate or delayed re-establish- 
ment of the continuity of the intestine. 

Transcolonic excision of the polyps was per- 
formed in 1 case of a 3 year old patient. 

An exploratory operation disclosed that the 
lesion was inoperable in 5 cases. A palliative 
ileostomy or colostomy was performed in some 
of these cases. 
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Fig. 5. Colon removed by single stage subtotal resec- 
tion, showing diffuse polyposis with advanced grade 2 (type 
c, Dukes’ method) adenocarcinoma in the sigmoid. 


PATHOLOGIC FINDINGS 

Examination of the surgical specimen dis- 
closed a secondary, advanced malignant 
change (Fig. 5) in 10 of the 45 cases in which 
subtotal or total colectomy was performed. In 
29 of the 45 cases, the malignant change was 
adenocarcinoma, grade 1, in situ (Fig. 6). In 
the majority of the 29 cases, this malignant 
change was observed in more than 1 polyp. 
Benign diffuse polyposis was observed in 6 of 
the specimens. An advanced malignant change 
in the colon was present in 30 of the 73 cases 
in which operation was performed, including 
the 5 cases of exploratory laparotomy. 


RESULTS OF SURGICAL TREATMENT 


There were a total of 9 hospital deaths, 7 of 
which occurred before the advent of modern 
antibiotic agents and the present-day highly 
successful methods of preparation of the colon. 
The cause of death was bronchopneumonia in 
3 cases, generalized peritonitis in 4 cases and 
septicemia in 2 cases. The 2 most recent 
deaths in the series occurred in 1940 and 1943 
respectively. The first of these was due to 
prolonged septicemia which followed palliative 
ileostomy; the second was due to fulminating 
peritonitis which resembled gas gangrene and 
followed combined abdominoperineal resection. 








Fig. 6. Diffuse polyposis of colon with advanced 
adenocarcinoma, grade 1, situated approximately ro centi- 
meters above line of resection. Two other polyps, indi- 
cated by arrows, showed grade 1, adenocarcinoma in situ. 


One of the 9 deaths occurred in the group 
of 31 cases in which multiple stage ileosig- 
moidostomy and subtotal colectomy were per- 
formed. Twenty-six of the remaining 30 pa- 
tients are alive and well. Two have survived 
more than 15 years, the longest period of sur- 
vival being 18 years. Four are alive and well 
10 years or more after the operation. Nine 
have survived 5 years or more, and 11 are 
alive and well 2 to 5 years after the operation. 
One of 4 deceased patients lived 7 years, but 
the other 3 survived less than 3 years. 

One of the 10 patients upon whom a single 
stage ileosigmoid anastomosis and subtotal 
colectomy was performed died in the hospital 
of pulmonary complications. Two of the re- 
maining 9 who are alive and well have sur- 
vived for 7 years. Seven others were operated 
upon less than 5 years ago and are still alive 
and well. 

Two of 4 patients on whom multiple stage 
total colectomy was performed are alive 4 and 
8 years respectively after the operation. The 
other 2 died of a metastatic malignant lesion 
2 and 4 years respectively after the operation. 

Of the remaining 28 patients who were 
treated surgically at the clinic, only 7 are liv- 
ing. It is of interest that 1 of the 2 patients 
who submitted to only the first stage (ileosig- 
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moidostomy) of a planned multiple stage pro- 
cedure is alive 9 years after the operation. He 
persists in deferring subtotal removal of his 
colon. 

Any inference that the periods of survival in 
cases of subtotal colectomy as outlined are 
solely dependent on the operation performed 
is unintentional. The patients are carefully 
instructed as to the potentiality for the re-for- 
mation of colonic polyps which exhibit the 
same characteristics as those which have been 
removed, hence, the necessity for frequent 
careful proctoscopic examinations in order to 
destroy by fulguration new polyps as they ap- 
pear. Furthermore, the surgeon depends upon 
the proctologist for information as to the de- 
velopment of any lesion which may require 
further surgical treatment. 

In 3 of the 41 cases in which subtotal colec- 
tomy and ileosigmoidostomy were performed, 
a malignant lesion of the rectum developed 
later and it was necessary to perform com- 
bined abdominoperineal resection and estab- 
lish a permanent ileac stoma. In 1 of these 
cases, a rectal carcinoma developed 6 years 
after subtotal colectomy. The patient in this 
case is alive and well 4 years after combined 
abdominoperineal resection of the rectum was 
performed. In the second case, the patient 
submitted to a combined abdominoperineal 
resection when a low grade carcinoma of the 
rectum developed 1 year following subtotal 
colectomy. In the third case, the patient in- 
formed us that her rectum and the remaining 
portion of her sigmoid were removed for carci- 
noma 1 year ago by a surgeon elsewhere. In 
her case, 17 years had elapsed since subtotal 
colectomy was performed at the clinic here. In 
another case, a low grade carcinoma developed 
at the site of the ileosigmoidal anastomosis 2 
years after subtotal colectomy. Palliative ra- 
dium therapy was used because examination 
disclosed evidence of metastasis. 


COMMENT 


It is a well known fact in the practice of 
medicine that the most grateful patient is one 
in whom the physiologic functions of the 
body can be maintained at a normal level or 
restored to a normal or nearly normal level. 
Normal evacuation ranks high on the list of 
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important bodily functions as far as the pa- 
tient is concerned. 

Since it is generally agreed that diffuse 
polyposis of the colon is a disease which is 
potentially malignant, radical surgical treat- 
ment should be used without delay. The point 
of controversy centers about whether the risk 
of the subsequent development of a malignant 
lesion in the remaining portion of the colon 
after subtotal colectomy is great enough to 
warrant total extirpation of the colon. 

It has been our contention that the chance 
that a malignant lesion may develop in the 
rectum is definitely reduced by frequent and 
careful proctoscopic follow-up examinations, 
and that this risk is not too great a price to 
pay for retaining a normally functioning anal 
sphincter. It is a rare patient who cannot live 
a perfectly normal life after ileosigmoidostomy 
and subtotal colectomy. Regularity of evacu- 
ation is quickly re-established. Most patients 
report that they pass 2 to 4 soft, formed stools 
each day. They quickly formulate their own 
dietary regulations, and not infrequently say 
that after 6 to 12 months they have reached a 
point where they can eat almost anything 
they desire. Certainly, the inconvenience of 
check-ups at intervals of 6 to 12 months and 
the associated economic factors sometimes 
cited are inconsequential when weighed against 
the inconvenience of the constant care of an 
ileac stoma, not to mention the ‘‘social ostra- 
cism” complex so frequently built up particu- 
larly in the minds of young patients. 

Critical survey of the results as presented in 
this paper has not altered our opinion as to the 
form of surgical treatment we should employ 
in the future. By and large these patients are 
young people, and our aim should be to give 
them a chance to live the 25 or 35 years, or 
even the 45 years, required to complete their 
expected life span as relatively normal persons. 
We realize that none of the patients has been 
followed for a long enough period to warrant 
final conclusions. Another 2, or perhaps 3, 
decades will be required before enough statis- 
tical information can be gathered, but we feel 
that the number of patients who have con- 
tinued successfully and safely under close 
observation for more than to years is large 
enough to indicate the program to be followed. 
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The operative mortality was still alarmingly 
high during the fourth decade of the century. 
However, the tremendous strides made in 
surgery of the colon and the development of 
new chemotherapeutic and antibiotic agents 
and general supportive measures have helped 
reduce the mortality as well as the morbidity. 

Use of the single stage subtotal colectomy 
with end-to-end ileosigmoidostomy has gained 
favor in our eyes to the practical exclusion of 
multiple stage procedures. Total colectomy 
and the establishment of a permanent ileac 
stoma are recommended only in those cases 
in which the terminal 20 to 24 centimeters 
of the colon cannot be cleared of polyps by ful- 
guration, and in cases in which malignancy 
had already supervened in this area. Ignoring 
what might seem to be useless repetition, we 
wish to re-emphasize the need of frequent 
and careful proctoscopic surveillance with 
immediate fulguration of all polyps as they 
appear, and the need of immediate, combined 
abdominoperineal resection of the rectum 
and remaining sigmoid with the establishment 
of a permanent ileac stoma in cases in which 
malignant degeneration occurs. 


SUMMARY 


Diffuse familial polyposis of the colon is a 
rare inheritable disease, transmitted by and 
to both sexes as a mendelian dominant char- 
acteristic. Manifestations of the disease have 
not been found in the newborn but do appear 
early in life. In 76.8 per cent of the 95 cases 
in our series, the patients were between 
20 and 39 years of age when the diagnosis 
was made at the clinic. 

Blood in the stools and loose stools or diar- 
rhea are the important symptoms and were 
present alone or in combination in 95 per 
cent of the cases. Diffuse polyposis may be 
asymptomatic. Proctosigmoidoscopic exam- 
ination and roentgenologic examination of the 
colon by the double contrast method are in- 
valuable aids to diagnosis and projected treat- 
ment. 

The malignant potentialities of each in- 
dividual polyp, when multiplied by the myri- 
ads of polyps present, make this disease the 
most dangerous precursor of malignancy 
known. It is no exaggeration to say that every 
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person with untreated, diffuse polyposis of 
the colon will die of carcinoma of the colon 
before he reaches the age of 50 years or will 
have an advanced malignant disease of the 
colon when he reaches the age of 50 years. 

The treatment is early radical removal of all 
of the colon which can not be visualized with 
the proctosigmoidoscope, or, in selected cases, 
removal of the entire colon. We favor single 
stage subtotal colectomy with end-to-end 
ileosigmoidostomy after preliminary clearing 
of all polyps in the distal 20 to 24 centimeters 
of colon by fulguration. When there is hyper- 
plastic involvement of the mucosa or a malig- 
nant growth in the distal 20 to 24 centimeters 
of the colon, total colectomy and the establish- 
ment of a permanent ileac stoma are indicated. 
It is of paramount importance that the pa- 
tient submit to careful proctosigmoidoscopic 
examination every 6 to 12 months for the 
remainder of his life. 
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THE USE OF CALCIUM CHLORIDE IN THE TREATMENT 
OF CARDIAC ARREST IN PATIENTS 


JEROME HAROLD KAY, M.D., and ALFRED BLALOCK, M.D., F.A.C.S., 
Baltimore, Maryland 


LTHOUGH the first extensive report of 
d’Halluin’s work appeared in 1926, 
as early as 1904 he had given intrave- 
nous injections of a 5 per cent solution 

of potassium chloride for ventricular fibrilla- 
tion while massaging the heart. Fibrillation 
stopped promptly and Locke’s solution was 
injected intra-arterially toward the heart, and 
this, when combined with persistent massage, 
often led to the restoration of a co-ordinated 
beat. Because the rhythm and strength of 
the beat was not satisfactory, 5 per cent cal- 
cium chloride was injected intravenously un- 
til the desired improvement was obtained. 

In 1928, 1929, and 1930 Hooker (6) reported 
his successful treatment of ventricular fibril- 
lation. This procedure consisted in the injec- 
tion intra-arterially toward the heart of a 0.5 
per cent solution of potassium chloride, which 
caused prompt arrest of the ventricular fibril- 
lation, and the heart was allowed to rest for 1 
minute. The second injection consisted of 
0.023 per cent calcium chloride. This washed 
the excess of potassium out of the coronary 
bed and substituted a relative excess of cal- 
cium chloride, the effect of which was to 
stimulate a normal cardiac rhythm. This ef- 
fect was increased by the coincident injection 
of 1 cubic centimeter of 1:1000 epinephrine 
hydrochloride. 

Wiggers (10) in 1928 and 1929 also reported 
his success with potassium chloride and cal- 
cium chloride in the treatment of ventricular 
fibrillation. He injected the potassium chlo- 
ride directly into the ventricular cavities as 
a 5 per cent solution. Massage was avoided 
until all visible evidence of fibrillation had 
disappeared. A 5 per cent calcium chloride 
solution containing 1 milligram of heparin 
per cubic centimeter was similarly injected 
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into each ventricle. The heparin was used to 
reduce the hazard of accelerated coagulation 
when such massive doses of calcium were 
added to the blood within the ventricle. After 
the lapse of approximately 1 minute the heart 
was gently massaged until the heart beat was 
restored. 

Hooker, Kouwenhoven, and Langworthy 
(7) stated in 1933 that the intra-arterial injec- 
tion of 0.046 per cent calcium chloride solution 
containing heparin was of greater assistance 
than cardiac massage in restoring the heart 
beat after the successful electrical defibrilla- 
tion of a fibrillating heart. Two cubic centi- 
meters of epinephrine hydrochloride were 
added to this mixture. 

Mautz (8) in 1937 stated that dilute solu- 
tions of calcium chloride and epinephrine 
hydrochloride were of aid in restoring a co- 
ordinated beat in the extreme dilatation of the 
heart which may follow a toxic dose of pro- 
caine. Once.a feeble beat has been restored, 
gentle massage and, if this is ineffective, cau- 
tious administration of calcium chloride and 
epinephrine hydrochloride aid in restoring a 
vigorous heart beat. 

In 1937 Beck and Mautz (2) reported that 
following electrical defibrillation of the heart 
calcium chloride should be injected into the 
right ventricle if the ventricular fibrillation 
has been converted into ventricular standstill 
without restoration of any signs of contractil- 
ity. They recommended the injection of 5 
or 10 cubic centimeters of a 1 per cent solution 
into the right ventricular cavity with repe- 
tition if necessary. 

In 1940 Wiggers (11) concluded that pro- 
caine was not indicated in the electric shock 
therapy of ventricular fibrillation. He was 
not convinced that procaine helped to restore 
a normal beat because, like quinidine, it de- 
pressed the ventricular myocardium. This 
was also noticed by Beck and Mautz (2) 
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who then adopted the expedient of improving 
contractility by additional injections of 5 
cubic centimeters of calcium chloride in hep- 
arin, a procedure that was originally advo- 
cated by Wiggers but one he discontinued be- 
cause he felt it might reawaken too many 
pacemakers with the result that the ventricles 
would revert to fibrillation. 

Beck (1) in 1941 stated that he used either 
epinephrine hydrochloride or 5 cubic centi- 
meter doses of 1 per cent calcium chloride 
injected into the cavity of the right ventricle 
if the heart showed no disposition to beat 
after the use of procaine and electric shock 
for ventricular fibrillation. 

In discussing the treatment of ventricular 
fibrillation Ruzicka and Nicholson in 1947 
wrote that if the first electric shock failed to 
stop the ventricular fibrillation, 10 cubic centi- 
meters of 1 per cent procaine should be in- 
jected and the shock repeated. If this fails, 
1 cubic centimeter of 1:1000 epinephrine hy- 
drochloride or 5 cubic centimeters of 1 per 
cent calcium chloride should be injected intra- 
muscularly into the right ventricle to increase 
its tone and elasticity. The shock should be 
repeated and the fibrillation is then usually 
overcome, as had been stated by Beck (1). 

In the discussion of resuscitation by Wiggin, 
Saunders, and Small in 1949, they stated that 
¥% cubic centimeter of 1:1000 solution of 
epinephrine hydrochloride, 1 or 2 cubic centi- 
meters of 14 per cent solution of barium chlo- 
ride, or 10 cubic centimeters of 1 per cent solu- 
tion of calcium chloride may be used in the 
treatment of ventricular standstill or follow- 
ing electrical defibrillation if heart beats are 
absent or feeble. 

In 1950 Wolff advised the use of 5 cubic 
centimeters of a 1 per cent solution of calcium 
chloride in the treatment of cardiac standstill 
when the heart is dilated or flaccid. He sug- 
gested the use of calcium chloride if epineph- 
rine hydrochloride failed as this presumably 
increased cardiac tone (Beck, 1). 

Winkler, Hoff, and Smith stated that the 
main effect of potassium on the mammalian 
heart is to promote relaxation and, when 
present in excess, to arrest the heart in dias- 
tole. In addition it produces widespread pro- 
gressive intracardiac block, noticeable first 


in the auricle, then at the auriculoventricular 
node, and finally in the ventricle. In man as 
well as in experimental animals blood pressure 
is well maintained, falling only when the intra- 
ventricular block becomes pronounced. Ful- 
ton feels that hyperkaliemia does not weaken 
cardiac contraction per se, but since it causes 
an intracardiac block the contractions of the 
individual fibers are dispersed and, therefore, 
their combined effectiveness is lost. 

The calcium cation increases the contrac- 
tility of the heart and prolongs the systolic 
phase of the heart beat. Winkler’s experi- 
mental evidence suggests that as the serum 
concentration of the calcium ion rises pro- 
gressively, there is an initial vagal bradycardia 
followed at higher concentrations by a direct 
action of calcium on the ventricular muscle, 
increasing its excitability and producing foci 
of idiopathic ventricular rhythm and ventricu- 
lar extrasystoles of large and unusual form. 
This effect resembles both the accelerator 
stimulation of epinephrine hydrochloride and 
the muscular stimulation of digitalis. Clarke 
found that in man calcium chloride uniformly 
causes an elevation of the systolic blood pres- 
sure and usually a depression of the diastolic 
levels. These changes were transient and 
pressure returned to normal within 30 min- 
utes to 1 hour. 

The following cases are cited to show the 
efficacy of 2 to 4 cubic centimeters of 10 per 
cent calcium chloride in improving the con- 
tractions of a heart in impending ventricular 
standstill and in the treatment of ventricular 
standstill occurring spontaneously or follow- 
ing the successful electrical defibrillation of 
a heart in ventricular fibrillation. 


CASE REPORTS 


CasE 1. Patient S. R. On October 19, 1950, under 
positive pressure endotracheal cyclopropane-ether 
anesthesia, operation consisting of division and dila- 
tation of an infundibular stenosis was performed on 
this 5 year old girl with a tetralogy of Fallot. 

An anterolateral incision was made on the left. 
The pleural cavity was entered in the third inter- 
space and a rib spreader was introduced. The heart 
was small. The left pulmonary artery was exposed 
and found to be of moderate size. The pressure in 
the pulmonary artery was obviously low. The left 
pulmonary artery was dissected free of the adjacent 
tissues, and although an anastomosis would not 
have been difficult, it was decided to open the peri- 
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cardium and view the infundibular region. This was 
done and a small infundibular chamber was found. 
There was a thrill over this chamber and in the main 
pulmonary artery, and one could feel a jet of blood 
striking the anterior wall of the infundibular cham- 
ber. At the time of opening the pericardium 3 milli- 
grams of d-desoxyephedrine hydrochloride were 
given intravenously. 

Five cubic centimeters of 14 per cent procaine 
hydrochloride were introduced into the wall of the 
right ventricle. Two stay sutures were placed several 
centimeters inferior to the infundibular chamber and 
an incision was made between them. An attempt 
was made to pass a medium sized sound through the 
stenotic infundibular region, but in this attempt a 
good deal of pressure was exerted; this resulted in 
forcing the sound through the infundibular stenosis, 
and its tip caused a small opening at the junction 
of the pulmonary artery and the infundibular cham- 
ber. The bleeding from this opening was controlled 
temporarily with several Allis clamps while the in- 
cision in the right ventricle was closed rapidly with 
several interrupted sutures. Several sutures were 
then placed at the site of the tear at the base of the 
pulmonary artery. An intravenous blood transfusion 
was given rapidly while the openings were being su- 
tured, but the heart beat became very weak, blood 
pressure was unobtainable, and ventricular fibrilla- 
tion ensued. Cardiac massage was begun, and after 
several attempts with the electrical defibrillator the 
heart was defibrillated. Because the heart did not 
beat following the defibrillation 4 cubic centimeter 
of 1:1000 epinephrine hydrochloride was injected 
into the left ventricular cavity on 3 occasions approx- 
imately 3 minutes apart, but these injections had 
no apparent effect on the heart. Cardiac massage 
was continued, and after the heart had been in 
cardiac arrest for 15 minutes, 4 cubic centimeters of 
1o per cent calcium chloride were injected into the 
left ventricular cavity. Cardiac massage was con- 
tinued, and within 5 to 10 seconds the heart began 
to beat vigorously, the systolic blood pressure rising 
to go millimeters of mercury. Additional interrupted 


sutures were placed at the previously described 


bleeding points as well as into the wall of the in- 
fundibular chamber in order to close several pin- 
point openings. The effective heart beat continued 
with the systolic blood pressure remaining around 
100 millimeters of mercury, and the pericardium 
was partially closed. The tip of a mushroom catheter 
was placed through a stab wound in the left sixth 
intercostal space in the posterior axillary line and 
the incision was closed in layers. 

Postoperatively the patient did well, and the only 
abnormality was a slight spasticity of the right arm 
which cleared within a few hours after recovery from 
the anesthetic. On the first postoperative day her 
temperature was 104.4 degrees F., but after the 
first week it was not above roo degrees F. She was 
discharged on the twentieth postoperative day with 
pronounced improvement over her preoperative 
status. She was examined 234 months postopera- 


USE OF CALCIUM CHLORIDE IN CARDIAC ARREST 99 


tively and at that time there was no evidence of any 
neurological abnormality. 


This case demonstrates the therapeutic 
value of 4 cubic centimeters of 10 per cent 
calcium chloride after 14 cubic centimeter of 
1:1000 epinephrine hydrochloride failed in 3 
attempts in the treatment of ventricular stand- 
still following the successful electrical defibril- 
lation of a heart in ventricular fibrillation. 


CASE 2. Patient W. W. A 14 month old baby 
underwent a valvulotomy for pure pulmonic stenosis 
on November 9g, 1950, under positive pressure 
endotracheal cyclopropane-ether anesthesia. An 
anterior thoracotomy incision was made on the left. 
The chest was entered through the third interspace 
and the fourth costal cartilage was resected. 

Five cubic centimeters of 1 per cent butyn solu- 
tion were injected into the pericardial sac and the 
thymus remnant and areolar tissue overlying the 
pericardium at the base were dissected free. A 
rectangular flap of pericardium was opened and 
reflected upward, so that the great vessels at the 
base of the heart were exposed. There was a high 
pitched thrill present in the pulmonary artery with 
its point of maximum intensity at the bifurcation 
of the main pulmonary trunk. The pulmonary artery 
had the usual configuration of valvular pulmonic 
stenosis with a narrow base, a slight poststenotic 
dilatation, and absence of the sinuses of Valsalva. 
The cone-shaped pulmonic valve could be felt 
through the base of the pulmonary artery. No thrill 
was palpable over the base of the heart. 

A pulmonary valvulotomy was to be performed; 
therefore, 5 cubic centimeters of 14 per cent procaine 
hydrochloride were infiltrated into the wall of the 
right ventricle immediately subjacent to the ostium 
of the pulmonary artery and two stay sutures were 
placed on either side of the contemplated line of in- 
cision. A small incision was made in the myocardium 
of the right ventricle 2 centimeters below the base 
of the pulmonary artery. A probe was passed through 
the incision into the cavity of the right ventricle 
and through the pulmonary valve. A small val- 
vulotome was passed and the valve split. A medium- 
sized valvulotome met some resistance but also 
passed through the valve. A good deal of blood was 
lost at this time and cardiac action became poor and 
finally ceased. One-half cubic centimeter of 1:1000 
epinephrine hydrochloride was injected into the left 
ventricular cavity and the heart was massaged with- 
out any improvement. Several minutes of cardiac 
massage failed to restore a good beat; therefore, 3 cu- 
bic centimeters of ro per cent calcium chloride were 
injected into the left ventricular cavity, and after a 
few seconds of cardiac massage the heart beat well 
although the blood pressure was not obtainable. 
The period of ventricular standstill was 3 minutes. 
A medium sized sound was passed and the split 
valve was stretched. The defect in the myocardium 
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was closed with interrupted sutures. The val- 
vulotomy appeared to be satisfactory as shown by 
the change in the appearance of the pulmonary 
artery and the diminution in the intensity of the 
thrill. The pericardium was closed loosely, the lung 
re-expanded, and a mushroom catheter brought out 
through the left sixth interspace in the posterior 
axillary line. The incision was closed in layers. At 
the time the patient was returned to the ward his 
systolic blood pressure was 70 millimeters of mercury. 

Postoperatively the patient did well without any 
evidence of neurological changes. 


After 14 cubic centimeter of 1:1000 epineph- 
rine hydrochloride failed to restore normal 
cardiac contractions, 3 cubic centimeters of 
10 per cent calcium chloride were successful. 


CASE 3. Patient S. F. On November 13, 1950, 
under positive pressure endotracheal cyclopropane- 
ether anesthesia this 18 month old boy underwent 
a valvulotomy for pure pulmonic stenosis. Opera- 
tion was done at this time because of considerable 
cardiac enlargement. The patient was cyanotic. 

With the patient in the supine position an an- 
terolateral incision was made on the left and the 
pleural cavity was entered in the third interspace. 
A segment of the fourth costal cartilage was re- 
moved and a rib spreader was introduced. 

A small opening was made in the pericardium. 
Five cubic centimeters of 1 per cent butyn were in- 
troduced and 6 milligrams of d-desoxyephedrine 
hydrochloride given intravenously. The fatty tissue 
overlying the pericardium was dissected medially 
and a rather large opening with its base at the mid- 
line was made in the pericardium. The stenosis was 
a typical valvular one with a dome-shaped valve. 
One could feel a jet of blood hit the pulmonary ar- 
tery and there was a poststenotic dilatation. There 
was no evidence of infundibular stenosis. Two stay 
sutures were placed in the right ventricle and an in- 
cision was made between them. A probe was then 
introduced through the incision and through the 
stenotic valve. This was followed by the introduc- 
tion of a No. 1 and a No. 2 flat Brock valvulotome 
and a medium-sized sound. The opening in the 
myocardium was closed with interrupted silk su- 
tures. At this time the heart action was distinctly 
weaker and it was impossible to maintain the heart 
inside the pericardium. The blood pressure was not 
obtainable. Three cubic centimeters of 10 per cent 
calcium chloride were injected into the left ventricu- 
lar cavity and the heart’s action improved imme- 
diately, the systolic blood pressure rising to 80 milli- 
meters of mercury. Two additional sutures were 
placed in the myocardium at the site of the incision. 
The pericardium was partially closed and the heart 
continued to beat well with the systolic blood pres- 
sure remaining between 100 and 110 millimeters of 
mercury. The tip of a mushroom catheter was placed 
through a stab wound in the left sixth interspace in 
the posterior axillary line. 
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Postoperatively the patient did well except for a 
temperature of 103 degrees F. for the first 2 post- 
operative days. His color was improved and he was 
active after the fifth day. He was discharged on the 
twenty-second postoperative day apparently con- 
siderably improved. 


Although the heart had not entirely stopped 
beating at the time the calcium chloride was 
given, the blood pressure was not obtainable, 
and this case did demonstrate dramatically 
the improvement in the function of the heart 
by the injection of 3 cubic centimeters of 10 
per cent calcium chloride. 


CAsE 4. Patient J. N. On November 2, 1950, this 
18 month old girl underwent an operation under 
positive pressure endotracheal cyclopropane-ether 
anesthesia for a tetralogy of Fallot with frequent 
“blackout” spells. 

An incision was made on the left, and the pleural 
cavity was entered in the third interspace. The left 
pulmonary artery was exposed and found to be large 
and thin walled with a definite pulsation and thrill 
but with a low pressure. An opening was made in 
the pericardium and a definite infundibular chamber 
was seen. There did not appear to be a valvular 
stenosis because the sinuses of Valsalva were dilated 
and the pulmonary valve was not palpable. It was 
decided that an artificial ductus arteriosus should 
be created. 

The left pulmonary artery was freed and the left 
subclavian artery was ligated just proximal to its 
point of division, occluded proximally with a bull- 
dog clamp, and divided proximal to the ligature. The 
left pulmonary artery was next occluded proximally 
with a compression clamp and distally with bulldog 
clamps. A longitudinal incision was made on its 
upper surface. 

As the anastomosis was begun there was a pro- 
nounced arrhythmia and the heart action almost 
ceased. It was thought that the identified left pul- 
monary artery might be the only pulmonary artery; 
therefore, a Potts’ aortic clamp was used to occlude 
the pulmonary artery partially, and the previously 
placed bulldog and compression clamps were re- 
moved. An anastomosis was performed between the 
proximal end of the left subclavian artery and the 
side of the left pulmonary artery. The heart beat 
well during the procedure and after removal of the 
constricting devices one could feel a continuous 
thrill. A mushroom catheter was brought out 
through a stab wound in the left sixth interspace in 
the posterior axillary line and the incision closed in 
layers. As the closure was being completed the 
anesthetist reported that the pulse had disappeared 
and the blood pressure was unobtainable. The in- 
cision was rapidly reopened and the heart was found 
to be at standstill. Cardiac massage was begun and 
¥% cubic centimeter of 1:1000 epinephrine hydro- 
chloride was injected into the left ventricular cavity. 
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Cardiac massage was continued because the heart 
beat was ineffective, and % milligram of atropine 
sulfate was injected into the left ventricular cavity 
with no change noticed. Two and one-half cubic 
centimeters of 10 per cent calcium chloride were in- 
jected into the left ventricular cavity. The heart 
beat became strong with the systolic blood pressure 
rising to 80 millimeters of mercury. The period 
during which the heart was at standstill was approxi- 
mately 4 minutes. A bulldog clamp was placed on 
the anastomosis. A short time later the heart beat 
became extremely weak and it was noted that the 
bulldog clamp had slipped off the subclavian artery. 
This was reapplied and % cubic centimeter of 1:1000 
epinephrine hydrochloride was injected into the left 
ventricular cavity and the heart beat improved. The 
heart was then observed for several minutes and the 
patient was given 3/10 milligram of cedilanid in- 
travenously. The heart was observed for 20 minutes; 
the bulldog clamp was then removed from the left 
subclavian artery and the chest wall again closed. 
Following the successful treatment of the cardiac 
arrest the systolic blood pressure remained between 
80 and 100 millimeters of mercury. 

Postoperatively the child’s color was greatly im- 
proved; however, she took fluids poorly and this 
was thought to be due to cerebral damage occurring 
during the cardiac arrest. On the third postoperative 
day she was quite irritable and held her head to the 
left. She moved her left arm and leg very little dur- 
ing the next 10 days. Her pupils reacted to light; 
however, there was a ptosis of the left upper eyelid. 
These symptoms gradually improved so that on the 
fourteenth postoperative day there were only mini- 
mal signs of paresis of the left arm with no involve- 
ment of the face or leg. The child was discharged on 
the twenty-second postoperative day. 


Two and one-half cubic centimeters of 10 
per cent calcium chloride injected into the 
left ventricular cavity restored a normal heart 
beat after 14 cubic centimeter of 1:1000 ep- 
inephrine hydrochloride failed. Shortly after- 
ward the heart beat became weak and % 
cubic centimeter of 1:1000 epinephrine hydro- 
chloride improved the cardiac contractions. 


DISCUSSION 


Since d’Halluin first reported his encour- 
aging results with calcium in the treatment of 
ventricular standstill, there have been a few 
clinical and experimental reports on the suc- 
cessful treatment of this condition with cal- 
cium. The calcium ion appears to have a 
direct effect on the myocardium during 
standstill, thereby increasing the excitability 
and contractility of the ventricular muscle. 
This effect is similar to the accelerator stimu- 
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lation of epinephrine hydrochloride and the 
muscular stimulation of digitalis. 

Our experience leads us to believe that 
calcium chloride may be life saving in the 
treatment of ventricular standstill arising 
spontaneously or following the successful elec- 
trical defibrillation of a heart in ventricular 
fibrillation. It is also extremely useful in pre- 
venting ventricular standstill in a heart with 
weak contractions. The results suggest that 
calcium chloride may be more effective than 
epinephrine hydrochloride for the treatment 
of ventricular standstill or impending ventricu- 
lar standstill in operations on patients with 
congenital heart disease. The recovery of 
the heart of patient S. R. (Case 1) was most 
dramatic, for several injections of epineph- 
rine hydrochloride produced no apparent ef- 
fect, whereas the injection of calcium chloride 
was followed by the immediate resumption of 
effective cardiac activity. There are probably 
some cases in which epinephrine hydrochloride 
is more effective than calcium chloride; there- 
fore, both agents should be available at all 
times in the operating room. 

Injection into the left ventricular cavity 
appears to be the route of choice since cardiac 
massage then forces some of the solution 
directly into the coronary arteries. However, 
if the left ventricle is inaccessible, an injec- 
tion into any of the other chambers of the 
heart followed by massage usually causes 
cardiac contractions. 

The dosage of calcium chloride that we have 
employed in the treatment of ventricular 
standstill in children has varied from 2 to 4 
cubic centimeters of a 10 per cent solution as 
a single injection which may be repeated after 
2 or 3 minutes if necessary; cardiac massage, 
however, must be continued during this time. 


SUMMARY 


Calcium chloride injected preferably into 
the left ventricular cavity may be extremely 
useful in the treatment of ventricular stand- 
still arising de novo or following the successful 
electrical defibrillation of a heart in ventricular 
fibrillation. It also has an immediate effect 
in greatly improving the frequency and force 
of contractions of the heart with ineffectual 
beats. We do not feel that calcium chloride 
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THE RELATION OF BODY FLUID COMPARTMENTS 





TO BODY FAT 


JAMES D. HARDY, M.D., P. K. SEN, M.B., M.S., and DAVID L. DRABKIN, M.D., 
Philadelphia, Pennsylvania 


HE recent development of adequate 

methods for the measurement of 

total body water has made possible 

the investigation of relationships be- 
tween the body fluid compartments and body 
fat. In a previous report we recorded an in- 
verse correlation between total body water 
and body fat (5), and other investigators have 
reported similar results (2, 9, 10). 

A dependable clinical guide for estimating 
what the normal plasma volume of the indi- 
vidual patient should be has long been sought. 
Impressed with the number of “abnormal” 
plasma volume measurements obtained on 
obviously healthy subjects when body weight 
is used as the basis for estimating the normal 
value for the particular individual in question, 
we have measured plasma volume and total 
body water in healthy male adults with a 
view to determining the correlation between 
these two volumes. The relationships between 
plasma volume and body surface area, height, 
weight, and ‘“‘ideal’’ weight have also been 
examined. “Extracellular fluid” volumes were 
determined, and these results are briefly 
considered. 


MATERIAL AND METHODS 


Eight healthy male adults have been 
studied. Individuals of the same height and 
others of varying heights were selected to 
cover a wide range in body weight. Total 
body water was measured with deuterium 
oxide (heavy water) (6, 7, 8), “extracellular 
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fluid” with sodium thiocyanate (3), and plas- 
ma volume with the blue dye T-1824 (4). 
Height and weight were recorded and sur- 
face area was determined by use of the Du- 
Bois charts. ‘“‘Ideal” body weight values for 
these adults were estimated by means of the 
formula employed in the Diabetic Clinic of 
the Hospital of the University of Pennsylvania. 


RESULTS 


The results are summarized in Table I. 
Plasma volume measurements are expressed 
to the nearest 10o cubic centimeters, and 
thiocyanate space and total body water vol- 
umes are expressed in liters and fractions 
thereof. These values are also expressed as 
percentages of body weight, and plasma vol- 
ume and thiocyanate space are expressed as 
percentages of total body water. 

In Figure 1 are presented graphically the 
correlations between plasma volume and total 
body water, and between plasma volume and 
actual body weight. The first correlation is 
superior to the second. 

The relationships between thiocyanate space 
and total body water, and between thiocy- 
anate space and actual body weight are shown 
in Figure 2. Thiocyanate space also is seen 
to be more closely correlated with total body 
water than with body weight. In Figure 3 
the relative sizes of plasma volume, thiocy- 
anate space, total body water, and body 
weight in the leanest and in the most obese 
subjects are compared. 

Plasma volume was also plotted against 
ideal body weight, surface area, and height. 
The correlation of plasma volume with these 
variables was inferior to that exhibited be- 
tween plasma volume and total body water. 
Though plasma volume and ‘“‘ideal’’ body 
weight presented a fair correlation, ‘ideal’ 
body weight is at best a hypothetical figure 
and is not one which can be measured. The 
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Fig. 1. Correlations between plasma volume and total 
body water, and between plasma volume and body weight. 
The first correlation is superior to the second. 


three tallest individuals, all of whom had a 
height of approximately 185 centimeters, had 
plasma volumes of 4,300, 3,800, and 3,400 
cubic centimeters. 


DISCUSSION 


The validity of the values obtained for 
the volumes of the body fluid compartments 
rests on the inherent accuracy of the methods 
employed. While subject to certain defects in 
normal subjects the carefully performed plas- 
ma volume measurement with the use of the 
blue dye T-1824 is considered to have an error 
in the neighborhood of 5 per cent. The de- 
termination of “‘extracellular fluid” with so- 
dium thiocyanate in the normal individual 
results in values that can be duplicated in the 
same individual on successive days. This does 
not apply in certain disease states. However, 
even in the normal individual some thiocy- 
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TABLE I.—BODY FLUID COMPARTMENTS IN 8 
HEALTHY MALE ADULTS OF VARYING DE- 
GREES OF OBESITY 



























































Plasma volume Thiocyanate space bana 
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Per cent} Per cent cent | cent cent 
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anate enters the cells and this results in a 
slightly higher value for “extracellular fluid” 
than is actually the case. 

The measurement of total body water with 
deuterium oxide is a reliable method. There 
are other ways in which this volume can be 
determined (2, 9, 10), but none of these 
methods is superior to that of deuterium 
oxide in accuracy. 


PLASMA VOLUME 


There are many factors which may affect 
plasma volume in disease. Among these are 
dehydration, overhydration, lowered serum 
protein, and blood loss. However, except for 
seasonal variations the plasma volume of the 
normal adult remains rather constant (1). 

The graphic relationship between plasma 
volume on the one hand and total body water 
and body weight on the other has been men- 
tioned in connection with Figure 1. This cor- 
relation may be expressed differently. Plas- 
ma volume was found to range from 2.75 to 
5-65 per cent of body weight with a mean of 
4.24 per cent and an average percentage de- 
viation of 22 per cent. When expressed as a 
fraction of total body water, however, plasma 
volume ranged from 6.2 to 7.8 per cent with a 
mean of 6.96 per cent and an average per- 
centage deviation of 7 per cent. Thus again 
plasma volume would appear to be more 
closely correlated with total body water than 
with body weight. 
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Fig. 2. Correlations between thiocyanate space and total 
body water, and between thiocyanate space and body 
weight. Thiocyanate space is somewhat more closely cor- 
related with total body water than with body weight. 


THIOCYANATE SPACE 


In Figure 2 thiocyanate space is plotted 
against total body water and body weight. 
In Table I it may be seen that both the leanest 
subjects (J. M. and H. B.) had “extracellular” 
fluid values of approximately 22 per cent of 
actual body weight and 32 per cent of total 
body water. From these and other observa- 
tions not reported here it would appear that 
not only plasma volume but also thiocyanate 
space is more closely correlated with total 
body water than with body weight. Further- 
more, since total body water is directly related 
to the lean body mass, plasma volume and 
thiocyanate space are also directly related to 
the lean body mass. 

The thiocyanate space represented a greater 
fraction of total body water in the obese than 
in the very lean subjects. The explanation for 
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Fig. 3. Body fluid compartments and body weight in 
the fattest subject (S. G.) and in the leanest subject (J. M.). 
While the former weighed approximately twice the latter, 
his total body water was only 4 liters greater. The thio- 
cyanate space of the most obese subject was 18.2 liters 
representing 37.6 per cent of the total body water and 15.7 
per cent of the body weight. In contrast, the thiocyanate 
space of the leanest subject was 13.9 liters representing 31.1 
per cent of the total body water and 22.8 per cent of the 
body weight. The plasma volumes of these two individuals 
of markedly different weight and habitus were approxi- 
mately the same, being 3,400 cubic centimeters and 3,200 
cubic centimeters. 


this is not clear. We know of no evidence that 
equilibration of sodium thiocyanate is less 
complete in the obese than in the lean indi- 
vidual. The possibility of a greater penetra- 
tion of the fat cells by the thiocyanate ion 
must be considered, and neutral fat within 
other cells of the body might conceivably dis- 
place cellular water and thus augment the 
relative size of the extracellular volume. Fi- 
nally, the space between the fat cells them- 


selves should be available for extracellular 
— BODY FLUID COMPARTMENTS 

The inverse correlation between total body 
water and body fat has been established. The 
figure of 70 per cent commonly employed for 
total body water is acceptable only in the ab- 
normally lean subject. The plasma volume in 
such an individual is a fairly constant 5 per 
cent of body weight and the thiocyanate space 
approximately 21 to 22 per cent of body 
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weight. In Figure 3 these relationships are 
emphasized by comparing the leanest subject 
(J. M.) with the most obese subject (S. G.). 
These males of approximately the same height 
weighed 60.9 and 116 kilograms with 71 and 
42 per cent body water, respectively. 

The number of subjects studied thus far 
does not permit final statistical conclusions. 
Nevertheless, we feel that by the careful selec- 
tion of the group of individuals reported here 
we have established with considerable accu- 
racy the relationships which plasma volume, 
“extracellular fluid,’ and total body water 
will ultimately be shown to bear to body fat 
and to each other. 


SUMMARY AND CONCLUSIONS 


1. Eight subjects of varying heights and 
widely different body weights were studied. 
Total body water was measured with deuter- 
ium oxide (heavy water), “extracellular 
fluid” with sodium thiocyanate, and plasma 
volume with the blue dye T-1824. These 
values are reported. 

2. Plasma volume was found to be more 
closely correlated with total body water than 
with body weight. 

3. Thiocyanate space was found to be more 
closely correlated with total body water than 
with body weight. 
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4. Plasma volume, thiocyanate space, and 
total body water are proportional to the lean 
body mass. All three body fluid compart- 
ments bear an inverse relationship to body fat. 
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INCE the work of Sistrunk, it has been 
accepted that an operation for thyro- 
glossal cyst should include resection of 
a segment of the hyoid bone and ex- 

cision of that deep portion of the thyroglossal 
duct or tract which extends from this bone to 
the foramen cecum. Remnants of the duct left 
behind at either or both of these locations 
probably account for most of the recurrences 
after operation. Recurrences, furthermore, 
are common: of 310 patients reported by 
Marshall and Becker, 110 had had previous 
operations elsewhere. 

Resection of a 6 to 8 millimeter long seg- 
ment of the hyoid at its midpoint, where the 
thyroglossal duct pierces it (or is adherent to 
its inferior or superior surface), is quite a sim- 
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A METHOD FOR RESECTION OF THE 
THYROGLOSSAL DUCT 


JOHN FALLON, M.D., F.A.C.S., Worcester, Massachusetts 


ple procedure. Beyond this point, however, 
dissection becomes difficult. Sistrunk advised 
not to attempt isolating the duct, which is 
likely to be fragile, but to core out everything 
within a 3 millimeter radius around an imagi- 
nary line from the midpoint of the hyoid to the 
foramen cecum. I believe that coring is the 
solution, but even the core is difficult to cut, at 
least in a workmanlike manner. 

Few of us do the operation often enough to 
perform it easily. It is difficult, also, to core 
out, through a small deep incision, a depend- 
able margin around a semi-invisible thread. 
Finally, the muscle fibers of the region inter- 
lace in several directions and, when they are 
stimulated by the knife, suddenly twitch aside 
the field of operation toward any unpredict- 
able one of these directions. If electrodissec- 








Foramen 
cecum 





Thyroglossal 
cyst excised 


Fig. 2. 


_ Fig. 1. The instrument. A tubular knife slides upon and 
is guided by the enlarged handle of a skewer. 
Fig. 2. Landmarks for course of deep portion of tract. 
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hyoid bone 
removed 


Skewer pushed 
along course of 
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Fig. 3. Fig. 4. 


Fig. 3. Insertion of skewer along course of the thyroglos- 


sal tract to site of foramen cecum. 


Fig. 4. Excision of tract. 
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tion is used to avoid bleeding and because a 
needle is less clumsy than a knife, the twitch- 
ing redoubles. 

In the past I have found, as presumably 
have others, that one can guide his knife and 
immobilize the area to be cored by skewering: 
that is, by inserting an instrument such as a 
heavy autopsy needle along the thyroglossal 
tract, advancing it from the point of the tract’s 
emergence from the hyoid to a finger of one’s 
other hand marking the site of the foramen 
cecum on the oral surface of the tongue. The 
skewer can be guided more surely to one’s 
own finger than to an assistant’s, and if the 
first aim fails to hit the correct part of the 
guiding finger the second usually succeeds. 
Once in position, the skewer itself and a small 
core of tissue around it are excised together. 

After the practicability of skewering was 
realized, the next obvious step was a coring 
instrument to do a cleaner excision than was 
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possible with a scalpel. A corer was made con- 
sisting of a tubular knife which revolves 
around and is guided by the elongated, en- 
larged handle of the skewer. The instrument 
(Fig. 1) which was meticulously worked out 
by a grateful patient, Mr. Ford, a designer in 
his own machine company of Somers, Con- 
necticut, has shown no disadvantages in trials 
with dead tissues but has been used in only 
one actual operation. In this case the field 
was drier, the dissection less ragged, and the 
core more accurate than with free-hand dis- 
section. This method is reported despite so 
slight an experience because no one man is 
likely to have enough experience with it to find 
for himself its deficiencies. 
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AN ANALYSIS OF 445 CASES OF 
INTERNAL PODALIC VERSION 


JOHN C. JARRETT, M.D., and KEITH R. BRANDEBERRY, M.D., Cleveland, Ohio 


N recent years there has been apparent a 
national trend to discard internal podalic 
version as an obstetrical procedure. The 
high maternal and fetal mortality rates 

that have been reported have caused some 
clinics to forbid the use of this method of 
delivery. Since there has been a tendency in 
the past to perform a great number of internal 
podalic versions in this hospital, we became 
interested in studying the results as obtained 
in this institution. 

A review of the literature reveals a wide 
variation in maternal and fetal mortality rates 
as shown in Table I. The most common ma- 
ternal complications noted were postpartum 
hemorrhage, ruptured uteri, and postpartum 
infection. 


MATERIAL 


A total of 21,017 babies were delivered at 
MacDonald House in the years 1945 to 1949 
inclusive; of these 445 were delivered by in- 
ternal podalic version. This does not include 
versions done on second twins. 

The study was divided to show the inci- 
dence on the staff service and the private 
service, as well as the incidence in multiparas 
and primiparas. 

As shown in Table II, the overall incidence 
of internal podalic version was 2.12 per cent. 
The incidence on the staff service was 1.8 per 
cent, as compared with 2.3 per cent on the 
private service. 

It is interesting to note from Table II that 
the incidence of podalic version in this hospital 
has dropped steadily during the past 5 years, 
from 4.36 per cent in 1945 to 1.22 per cent in 
1949. 

The incidence of versions done on primi- 
paras and multiparas was also determined and 
is shown in Table III. 


_ From the Department of Obstetrics and Gynecology, Univer- 
sity Hospitals of Cleveland, and the School of Medicine, Western 
Reserve University, Cleveland, Ohio. 


METHOD 


The technique of internal podalic version is 
that advocated by Dr. I. Potter, with slight 
variations as described by Dr. A. H. Bill. This 
method has been adequately described in the 
literature and need not be dealt with in this 
review. 

The anesthetic used in nearly all cases was 
ether or nitrous oxide gas-oxygen-ether, as it 
is known that one of the prime requisites to a 
successful version is an adequately relaxed 
uterus. Drop ether was used in 230 cases. 
Nitrous oxide gas-oxygen-ether was used in 
203 cases and spinal anesthesia was used in 
only 12 cases. 


STATE OF MEMBRANES 


While it is usually stated that one of the 
criteria for doing a podalic version is intact 
membranes, it was found that 87 of our 445 
cases (19.5%) were done on patients in whom 
the membranes had been ruptured for a vary- 
ing length of time. In 18 of the 445 cases 
(4.04%), the membranes had been ruptured 
less than an hour; in 63 of the cases (14.16%), 
the membranes had been ruptured 1 to 12 
hours; and in 6 cases (1.34%), the membranes 
had been ruptured for over 12 hours. 


TABLE I.—CASES OF INTERNAL PODALIC 
VERSION REPORTED IN THE LITERATURE 
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TABLE II.—THE INCIDENCE OF INTERNAL PO- 
DALIC VERSION ON THE STAFF AND PRI- 
VATE SERVICES 





Incidence 
of internal Staff Private 
lic | incidence | incidence 
versions % 7 
0 


Total 
internal 
podalic 


versions 


Total 
deliveries 





1045 146 4.36 3.2 4.8 





1946 90 1.97 1.5 2.4 





1047 85 1.85 I. 2.1 





1948 69 1.53 1.6 1.4 











1949 55 1.22 Ss 1.0 














Totals 445 | 2.12 | 1.8 2.3 





INDICATIONS FOR VERSION 


In this series 68 per cent of the versions were 
done for high occiput posterior positions. The 
indications are tabulated in Table IV. 


POSITION AND PRESENTATION 


These figures vary slightly from those deal- 
ing with position listed under indication, since 
in some of the cases the primary reason for 
version was premature separation, marginal 
previa, severe bleeding, fetal distress, or pro- 
lapsed cord. 


MATERNAL MORBIDITY 


In the series of 445 cases there were 20 cases 
of a reportable morbidity, based on the mor- 
bidity classification of the American Commit- 
tee on Maternal Welfare. Thus the overall 
morbidity rate was only 4.4 per cent. In an 
attempt to show what effect ruptured mem- 
branes had on the morbidity rate, the mor- 
bidity cases were classified as to whether the 
membranes were intact or ruptured before the 
version was done. In the cases in which the 
membranes had ruptured before the time of 
delivery, the morbidity rate was 8.1 per cent, 


TABLE IV.—INDICATIONS FOR INTERNAL 
PODALIC VERSION 





Transverse lie 


High posterior position 305 
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TABLE III.—THE INCIDENCE OF VERSIONS PER- 
FORMED ON PRIMIPARAS AND MULTIPARAS 











Primiparas Multiparas 





Per cent 
No. of No. of | of mul- 
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sioned 


Per cent 
of pri- 





1045 1558 1789 82 45 





1946 2020 = 55 2.6 





1947 2476 2106 51 2.4 





2066 23 2434 46 1.8 
2606 41 a 


11,008 | 275 2.5 


1948 








1949 1889 14 
Totals 10,009 170 


I.P.V. Internal podalic version. 























but in the cases in which the membranes were 
intact at the time of version, the morbidity 
rate was only 3.6 per cent. The morbidity rate 
was 8.1 per cent on the staff cases as opposed 
to 3.2 per cent on the private cases: this dif- 
ference agrees very closely with the difference 
in overall morbidity rate on the two services. 
Of the 20 morbidity cases the diagnosis was: 
endometritis, 6 cases; endometritis with para- 
metritis, 1 case; pyelitis, 4 cases; cystitis, 3 
cases; common cold, 1 case; bronchitis, 1 case; 
fever of unknown origin, 4 cases. 


MORTALITY 


There were no maternal deaths in the 445 
cases of internal podalic version. 

There were a total of 17 stillborn or neo- 
natal deaths in the entire series, giving a gross 
fetal mortality rate of 3.8 per cent. When cor- 
rected for 3 cases of absent fetal heart on ad- 
mission, one macerated diabetic fetus, one 
hydropic stillborn, one case of congenital 


TABLE V.—POSITION AND PRESENTATION 





No. of 
cases 


Position Position No. of 





Right occipitoposterior 178 Right mentoanterior 





Left occipitoposterior 145 Right mentoposterior 





Left occipito transverse 36 Left mentoanterior 





High transverse 40 Fetal distress 


position 





High anterior position 38 Marginal previa 





Premature separation 28 


Prolapsed cord 
of placenta 


Left occipito anterior 28 Left mentoposterior 


Right scapula posterior 





Right occipito anterior 24 





Right occipito transverse Ir Right scapula anterior 





Left bregma anterior I Left scapula posterior 














Face presentation Brow presentation 











Right bregma anterior I Left scapula anterior 








JARRETT Et AL: 


absence of the duodenum, and one anen- 
cephalic monster, the corrected mortality rate 
became only 2.2 per cent. 


COMPLICATIONS 


Fetal complications. There were 2 cases of 
fracture of the humerus and 3 cases of brachial 
plexus injury. 

Maternal complications. There were 5 cases 
that were classified as having a postpartum 
hemorrhage. However, only one of these re- 
quired transfusion. There were 4 cases of 
laceration of the cervix—repaired. There were 
2 cases of fractured coccyx. There were no 
ruptured uteri in our series. 


SUMMARY 


A total of 445 internal podalic versions were 
performed during the years 1945 through 
1949, with no maternal deaths. The maternal 
morbidity rate was only 4.4 per cent as com- 
pared to the overall hospital rate of 3.9 per 
cent. The corrected fetal mortality rate was 
2.2 per cent. 


INTERNAL PODALIC VERSION 


lit 


This series shows that in properly selected 
cases, internal podalic version can be done 
with a minimum of risk to the mother and 
baby, and at times can be a valuable aid to 
the obstetrician. 
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TUMORS OF THE PANCREAS 
AND AMPULLA 


URING the past fifteen years, the 
surgery of tumors of the pancreas 
and ampullary area has developed 

to the point of evaluating the effectiveness of 
the attack on the different types of tumor, 
their location and the varieties of procedures 
that have been devised in dealing with these 
tumors. 

It is now established that the removal of 
benign islet cell tumors of the pancreas causing 
a hypoglycemia, when properly diagnosed and 
adequately approached, gives brilliant and, 
in most patients, permanent cures. In the 
cancers, it is also now recognized that the 
carcinomas of the ampulla give a better 
prognosis when radically treated than do the 
carcinomas of the pancreas located at a 
distance from the common duct. An obvious 
reason for this is the fact that cancers of the 
ampullary area give the warning signal of 
jaundice much earlier than the growths away 
from the common duct. However, there are 
other reasons for this difference. The cancers 


of the ampulla are usually of the fungating 
adenocarcinoma type, whereas those of the 
pancreas are more frequently of the anaplastic, 
invasive variety with a more marked tendency 
to infiltrate the lymphatics and blood vessels. 
Furthermore, the spillage of pancreatic fluid 
containing carcinoma cells, as shown by 
Warren Cole, is much more apt to occur in 
transecting the pancreas than in removing 
the ampullary growths. 

A diagnostic procedure that has not re- 
ceived adequate recognition is the study of 
duodenal contents, aspirated by means of 
the double tube devised by Ligerloef of 
Stockholm. The shorter of the tubes keeps 
the stomach empty, while the longer tube is 
aspirating duodenal contents. The finding of 
blood and diminished or absent bile and 
pancreatic ferments strongly suggests a car- 
cinoma; detecting cancer cells by the Papa- 
nicolaou technique corroborates the diagnosis. 

Until the internists and general practition- 
ers advise prompt and early operation in 
patients with symptoms and findings sug- 
gesting cancer, the cures with radical surgery 
in ampullary growths will remain few and 
in cancer of the pancreas will continue to be 
palliative. To observe the patient for weeks 
until the diagnosis is obvious is to study the 
patient to death. ALLEN O. WHIPPLE. 


TANTALUM MESH IN THE RE- 
PAIR OF LARGE VENTRAL 
HERNIAS 


ERNIAS of all sorts.are entirely too 
frequently treated in an offhand 
fashion by physicians. When a pa- 

tient presents himself with an inguinal hernia, 
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the physician will often say “‘Oh yes, you have 
a little hernia. Get a truss.” And he will not 
even bother to see that the patient is properly 
fitted with a truss. In the case of ventral 
hernia, the physicians may say “Yes, you 
have a little weakness in your incision. Wear 
a belt.” Every surgeon has seen dozens of 
patients in their seventies or eighties, who 
have been wearing trusses or belts for thirty 
or forty years, who have to come to operation 
because of strangulation or threatened stran- 
gulation at a time of life when the operation is 
no longer a simple affair. These patients could 
easily have been operated upon in middle age 
or before, when their hernias were small and 
the operation was simple, and they could have 
avoided all the years of discomfort of wearing 
trusses or belts. 

Patients with large ventral hernias are fre- 
quently more miserable and uncomfortable 
than they are given credit for being. They 
suffer not only from the sense of lack of 
security in the abdominal wall and the un- 
comfortable dragging-down sensation, but 
also often have other disagreeable symptoms 
such as nausea and vomiting. Some patients 
are complete invalids, being incapable of work 
even when wearing any of the various kinds 
of belts or corsets. Patients have been en- 
countered who were so miserable from their 
condition that suicide was contemplated. 

The repair of very large ventral hernias has 
always taxed the ingenuity of the surgeon. 
This is true not only when the defect is large, 
but also when the fascial structures surround- 
ing a smaller defect are weak. A large propor- 
tion of such hernias occur in very obese people, 
in whom the fascia surrounding the defect is 
often weakened by the infiltration of fat. In- 
deed fat can often be seen literally oozing 
through the interstices of the fascia. Natur- 
ally such a situation militates against a suc- 
cessful repair by any of the ordinary methods. 
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Methods of all sorts have been used, such as 
relaxation incisions, fascial flaps of various 
sorts from the local site, autogenous trans- 
plants of fascia, and sheets of ox fascia. All of 
these methods have been more or less success- 
ful, but none has been uniformly so. Cutis 
grafts have been used in recent years but the 
reported results have not been numerous or 
conclusive enough to justify a proper evalua- 
tion of the method. 

The introduction of tantalum mesh gave 
promise of a method which might prove 
successful in those large and difficult cases 
in which the ordinary methods hitherto used 
had failed. Tantalum is an inert element 
causing no unfavorable reaction in the tissues. 
The mesh generally used in surgery is made 
like the screening used for an ordinary screen 
door, except that it is made of fine tantalum 
wire (0.003 inch in diameter) and the strands 
are 50 to the inch in each direction. The 
material is very pliable. It has been shown 
experimentally that the muscle and fascia of 
the abdominal wall can be resected in dogs and 
successfully replaced with tantalum mesh. The 
fibrous tissues of the host grow through the 
interstices of the mesh, completely infiltrating 
and surrounding it and forming a new and 
very strong abdominal wall. 

This material, then, makes available an 
ideal method for operating on large ventral 
hernias. It has been used as follows: (1) to 
close those large defects in which the fascial 
edges cannot be approximated, and (2) to 
reinforce suture lines in which the fascial edges 
can be approximated but in which the fascia 
is so weak that the simple approximation of 
the fascial edges would certainly not effect a 
cure. Some surgeons say that they have never 
seen a ventral hernia in which the fascial edges 
of the defect could not be approximated. They 
mean, of course, that the edges can be approx- 
imated if enough relaxation incisions are made, 
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flaps transplanted, etc. However, in a great 
many patients with naturally weak abdominal 
walls when these methods are used, the-ab- 
dominal wall is weakened so much elsewhere 
that even if the original hernia is cured, an- 
other one is apt to occur in the weakened 
abdominal wall caused by the cure. In these 
cases it seems better to leave the relatively 
good abdominal wall intact and repair the 
opening with tantalum mesh. This method 
has proved very successful in the hands of a 
great many surgeons throughout the country. 

When tantalum mesh is used as a laid-on 
patch to reinforce weak suture lines sur- 
rounded by weak fascia in fat people, it is 
desirable to go well beyond the suture line 
with the patch. Indeed in some cases, espe- 
cially in the lower abdomen, it may be neces- 
sary to reinforce about half of the entire ab- 
dominal wall in order to prevent a so-called 
“false recurrence.” This is a recurrence well 
beyond the original hernia site and such a re- 
currence has been seen several times occurring 


just at the edge of the tantalum patch, the 
abdominal wall covered by the patch itself 
being very strong and firm. A few such ex- 
periences will lead the surgeon to use much 
larger patches than he might at first think 


necessary. 

In a few of the early cases in which tantalum 
mesh was used in ventral hernia repair, fluid 
collected in the wound and had to be aspi- 
rated. In all cases the fluid was serous or 
serosanguineous and in all cases it was sterile. 
Since then we have been placing a cigaret 
drain through a stab wound in the most de- 
pendent portion of the large dissected abdom- 
inal flap of skin and subcutaneous tissue when 
a vertical incision was made, and at the outer 
end of the incision on each side when a trans- 
verse incision was used. We also encountered 
this collection of fluid years ago when large 
sheets of ox fascia were used in the repair of 
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these hernias. The cause of this collection of 
fluid is probably partly due to the fact that 
hemostasis is never absolute, and partly due 
to the fact that there are bound to be some 
dead spaces due to the implanted material, 
which invite the accumulation of fluid. As 
fluid is not encountered in inguinal hernia re- 
pair when either tantalum mesh or ox fascia 
is used, it would seem to follow that the fluid 
is not due to irritation by the implants. 

Tantalum mesh has been successfully used 
to repair a congenital defect of the upper half 
of the abdominal wall in a four year old child. 
In this case the only part of the abdominal 
wall present was skin and subcutaneous tissue 
and these structures were glued tightly to- 
gether without any intervening subcutaneous 
or preperitoneal tissue. When they were dis- 
sected apart, both the peritoneum and skin 
were buttonholed in several places. In spite 
of this, the tantalum mesh when placed be- 
tween these two thin structures “took” and a 
good result was obtained. 

It was found experimentally that tantalum 
mesh could be placed next to the bowel with- 
out any untoward result except mild adhe- 
sions. Indeed, the undersurface of the mesh 
became covered with peritoneum. The ma- 
terial has also been used next to the bowel 
clinically after resection of large tumors of the 
abdominal wall following which there was not 
enough peritoneum left to close the defect. 

Finally, tantalum mesh has the virtue of not 
causing trouble in those wounds in which in- 
fection ensues. In the presence of infection, 
fascia sloughs out. In the presence of infec- 
tion, silk or cotton cause a persistent sinus 
tract. A wound in which tantalum has been 
implanted may become grossly infected and 
the wound heal perfectly without any per- 
sistent sinus tract, unless silk or cotton has 
also been used in the wound. The material 
may therefore be used in contaminated wounds 
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with impunity, but in such wounds catgut 
should be used as ligatures and the mesh 
should be sutured in place with tantalum wire. 
Braided tantalum wire furnishes an appro- 
priate material for closing the peritoneum in 
such cases as it does not tend to cut through, 
in the manner in which monofilament wire 
does. 
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In two instances, one due to necrosis of the 
skin and subcutaneous fat, and the other due 
to loss of these structures because of infection, 
the mesh became exposed over an area approx- 
imately two inches in diameter. In a short 
time granulations could be seen growing up 
through the mesh and each wound healed by 
second intention. Amos R. Koontz. 
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THE BOOK SHELF 


MEDICAL PORTRAIT: SIR JOSHUA REYNOLDS 


ESTHER H. VINCENT, Evanston, Illinois 


EYNOLDS is probably the most “biog- 
raphied” of artists. His life story has 
been told again and again by friends, 
pupils, artists, and authors. Personal 

interest vies with the artistic, for this greatest of 
English portrait painters was a stunning social 
success, a perfect example of “how to make 
friends and influence people.” This is all the more 
astonishing, since, for most of his life, Sir Joshua 
suffered from that worst of social handicaps, 
deafness. 

As a mischievous, but sweet-tempered little 
boy, Joshua lived in the ancient, castled town of 
Plympton Earl, four miles from the great seaport 
of Plymouth. On both sides of the family he was 
descended from long lines of scholarly clergymen 
and literary squires. His schoolmaster father, 
Samuel, made a moderate living, in spite of his 
guileless simplicity and eleven children. Absent- 
minded Samuel was likened by his friends to 
Parson Adams in Fielding’s Joseph Andrews, and in 
the Cottonian Library in Plymouth you may still 
see his portrait, painted by his famous son. 
Joshua’s mother, Theophila, was a daughter of 
Matthew Potter, one of the Potters of Iddesleigh, 
Devon. Of the eleven children, six lived to grow 
up, but of these, only three, Mary, Elizabeth, and 
Frances, were at all connected with Joshua’s later 
life. 

Not being able to send their boys to a univer- 
sity, Samuel and Theophila took it upon them- 
selves to ground them well in the classics. As a 
small boy of eight, Joshua could read quite serious 
books, and showed some talent in literary com- 
position. However, Father Samuel was by no 
means an energetic master, and son Joshua turned 
into a somewhat idle and inattentive pupil, show- 
ing little disposition for ordinary studies. Still 


existing is one of his Latin exercises decorated 
with a pen and ink sketch over which his father 
wrote: “This is drawn by Joshua in school out of 
pure idleness.” 
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All of the children were fond of drawing, but 
Joshua did not show any special skill. In fact, he 
was the least promising of the family and seemed 
to take delight only in clownish playfulness. But 
he had a truly serious nature, and once drew up 
some “rules of conduct” that quite startled his 
brothers and sisters. When he was about twelve 
years old, he produced the following personal 
“case report.” 

“1734-5, Mar. 5 I wasseiz’d with the small pox. 

Mar. 10 Munday the 6th day of the Distemper, 
nothing amiss in my Regimen hith- 
erto. I had a blister at 4 this 
morning. 

Tuesday the 7th day, perhaps the 
8th, seems to have been the worst 
day: then most outragious. 

Wed., the 8th day, extremely low. 

Thurs., the oth day, being low, and 
somewhat hungry, I had broth at 
night, tho’ contrary to Mr. Ruport’s 
express orders. 

Fri. the roth day, having slept well, I 
was brave. 

Sat. the 11th, rather the 12th day, 
taken out of bed. 

Mr. 16 Sund. 13th day, I sat up 

17. I ventured down stairs. 

18 I staid down a long time. 

19 Wed. 16th day, I took physic. 

22 Betty rst seiz’d with the Small Pox.” 

Betty was two years older than Joshua. Other 
than some scarring, the children suffered no per- 
manent injury from the disease. 

Joshua’s efforts at drawing likenesses were not 
especially successful, but, after some study of a 
Jesuit treatise on the principles of perspective, he 
produced a drawing of the schoolhouse which 
amazed his father. His first oil painting, still 
extant, is a portrait of the Rev. Thomas Smart, 
tutor to the Edgecumbe family. Joshua drew a 
sketch in church on his thumb nail, and then did 
the portrait with common shipwright’s paint on a 
bit of sail in the boathouse. Eventually he painted 
portraits of most of his friends and relatives and 
copied whatever prints came his way. 


Mar. 11 


Mar. 12 
Mar. 13 


Mr. 14 
Mr. 15 














Thinking he might succeed in the medical pro- 
fession, Samuel and Theophila apprenticed him 
to a Plymouth general practitioner (called an 


apothecary in those days). Ambitious Joshua 
acquiesced, feeling that he would rather be an 
excellent physician than a mediocre artist. But 
his medical studies were not far advanced when 
his parents decided to let him be a painter after 
all, and sent him up to London for a three or four 
years’ apprenticeship with the artist, Thomas 
Hudson. The only exciting thing Joshua did there 
was to shake hands with Alexander Pope, whom 
he met at an auction. And so, after little more 
than eighteen months, he came home, and, after 
his father died (1746), he went to live with his 
sisters, Mary and Elizabeth, at Devonport, then 
called Plymouth Dock. Here he painted four and 
twenty portraits of his myriad Devonshire family 
connections and had already accepted commis- 
sions for ten more, when Fate intervened in the 
jovial person of Commodore Keppel, putting in at 
Plymouth on his way to take command of the 
British Mediterranean Fleet. Twenty-seven year 
old Joshua had been breathing the not too artistic 
airs of Devon for three years, and was getting 
anxious to take the road to Rome. The Commo- 
dore met Joshua at the home of their mutual 
friend, Lord Edgecumbe, and was so charmed with 
the attractive youth that he offered him passage 
to Italy. 

On the way there the ship stopped at Minorca, 
where Joshua on horseback tumbled over a preci- 
pice, bruising himself so badly that he had to take 
to his bed for weeks. His upper lip was deeply 
lacerated and ever afterward bore a scar. To 
while away a tedious convalescence, he painted 
and sold many portraits, thus adding his bit to the 
small store of money that his two sisters were able 
to send him. At Rome he spent two years in 
‘“‘measureless content,’’ making copies of Titian, 
Guido, and Raphael. While plying his brush in the 
wintry Vatican, Joshua contracted a severe cold, 
then an earache, and then a nonsuppurative mid- 
dle-ear disease which led to progressive deafness. 

For a year or so his general health was much 
affected, but he went about from one Italian city 
to another and also took in Vienna and Paris 
before returning to England in 1752. After a few 
months’ rest in Devon, he went up to London, 
greatly developed as a man and an artist, but 
bearing with him two physical defects, his lip-scar 
and his deafness. It has been said that the mark 
on his lip was due to a slight harelip, that other 
members of the family had a similar defect, and 
that his indistinctness of speech was caused by a 
defective palate. But this assumption lacks proof. 
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His early self-portraits show no lip-scar (and he 
was honest about his looks), and John Hunter, 
who performed the autopsy on his body, reported 
no abnormality of lip or palate. Indistinctness of 
speech, moreover, is frequent in the deaf, who 
speak as they hear. 

However, it may be that his deafness was due to 
more than exposure to the damp chill of the Vati- 
can. Sir Robert Edgecumbe reports early deafness 
in subsequent generations of the Reynolds’ fam- 
ily, notably in the descendants of two of Joshua’s 
sisters. Thus, an otosclerosis heredity is possible. 
Like all deafened people, Joshua could hear fairly 
well in the company of a single person, but in a 
group, however small, he required an ear trumpet. 
Although he did not always catch the drift of a 
conversation, such was the serenity of his temper 
that what he did not hear he never troubled the 
speaker to repeat. General conversation, of course, 
was denied him, but he was pleased and happy if 
the speakers paid him special attention. 

Like Edison, he regarded his deafness as a con- 
venience. He enjoyed the society of himself, and 
used his handicap as an escape from bores and 
distractions. Deafness fostersconstructive thought, 
and Reynolds had the creative genius to respond. 
It but increased the interpretative capacity of his 
other senses, as can be seen in the keenness of his 
color combinations. His was so gentle a com- 
posure of mind that in a mock epitaph, his friend, 
Goldsmith, characterized him thus: 


“Here Reynolds is laid, and to tell you my mind, 
He has not left a wiser or better behind; 
His pencil was striking, resistless, and grand; 
His manners were gentle, complying, and bland: 
Still born to improve us in every part, 
His pencil our faces, his manners our heart: 
To coxcombs averse, yet most civilly steering, 
When they talk’d of their Raffaelles, Correggios, and 


stuff, 
He shifted his trumpet, and only took snuff.” 


Reynold’s housekeeper was his youngest sister, 
Frances, and, according to Fanny Burney, she 
was a somewhat uncomfortable young person to 
live with. It seems that she suffered from a chronic 
inability to make up her mind, and her mental 
vacillations tormented herself and bored every- 
body else. For some reason, she wanted to copy 
her brother’s pictures, and her pathetic at- 
tempts caused him to weep and others to laugh. 
But Samuel Johnson apparently liked her, calling 
her his ‘‘dearest dear.” 

Reynolds usually rose about 8, breakfasted at 
g, and was painting before 10. He would spend an 
hour or so studying or working on the subordinate 
parts of a portrait, and would then devote the 
next 3 hours to those who sat for their pictures, 
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occasionally stopping for rest and conversation. 
He dined at 4 (in later years at 5), going out two 
or three times a week, and having friends in at 
least once. In the evenings he would go to the 
Royal Academy or some public or private gather- 
ing, or to the theater, and he liked having a few 
friends in to play whist. His good income he 
spent on a splendid collection of old masters. 

Society flocked to his door, for all were de- 
lighted with the simple and natural manner in 
which he posed them. For the next 30 years there 
was scarcely a distinguished person in the United 
Kingdom whose portrait he did not paint or who 
was not a guest at his table. So keen was his 
mental zest that the great intellectuals of the day 
sought him out, and for best friends he had 
Samuel Johnson, David Garrick, Oliver Gold- 
smith, and Edmund Burke. 

Many of the great physicians, too, sat to him, 
including Percivall Pott and the brothers Hunter. 
It is to Reynold’s quickness of thought as well as 
to his consummate skill that we owe the portrait 
of John Hunter that now hangs in the Royal Col- 
lege of Surgeons. Hunter was an unwilling and 
“difficult” subject. Poor Reynolds was laboring 
over him one day, when Hunter forgot himself 
and fell into a natural pose of concentrated 
thought, a waking dream. Reynolds immediately 
turned the canvas upside down and repainted 
the head where the legs were planned. The result 
- is one of the best “doctor portraits” in existence. 

In 1769 Reynolds became the first painter to 
receive knighthood since the days of Queen Anne, 
although nearsighted George III was incapable of 
appreciating his pictures. 

After coming up to London, Sir Joshua had 
hardly known an illness, except during the sum- 
mer of 1764, when, for several weeks, he was 
“seriously ill” with some undiagnosed ailment. 
This unhappy state brought an affectionate note 
from Dr. Johnson. “If I should lose you, I should 
lose almost the only man whom T call a friend.” 
Again, in 1782, when he was 58, and still in full 
vigor, Reynolds is said to have had a paralytic 
affection, but the “paralysis” could not have been 
great, for after taking the waters of Bath for two 
or three weeks, he had no further trouble. On his 
return to town, Fanny Burney wrote: ‘He looks 
vastly well and as if he had never been ill.” In his 
portraits and in other pictures of his mature 
years, Reynolds is shown with spectacles as well as 
ear trumpet, but in his journals and in biographi- 
cal accounts no reference is made to disturbance 
of vision at this time. 

The spectacles preserved in the Royal Academy 
are concave, but a myope could not have drawn 
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without glasses, as did Reynolds in his early 
years. It is not until much later that his self- 
portraits show him bespectacled. The first of 
these is dated 1788, when he was 65, the age of 
presbyopia. It is known, however, that while 
painting he was in the habit of using glasses with 
double focus—not the true Franklin spec- 
tacles, but bifocals based on Franklin’s ideas. In 
the upper part was spherical glass for distant vi- 
sion, and in the lower, glass of another radius for 
distinct vision on canvas or on paper. 

Sir Joshua was not tall and handsome, but 
rather under middle height, with round, blunt 
features and florid complexion. However, he was 
well-made and active, and presented a lively and 
pleasing aspect. He had a peculiar habit of scan- 
ning the faces of strangers, as though he was try- 
ing to read character. His expression was mild 
and intelligent, his manners simple and unassum- 
ing. He usually painted in a standing position in 
order to counteract his sedentary habits, for he 
took little exercise. He had abundant energy, rose 
early, and did not tire easily. Except for an occa- 
sional short visit to Devon or to France and the 
Low Countries, he never left London. 

He never married, but is thought to have been 
much attracted by the artist Angelica Kauffmann, 
who three times sat to him and to whom he sat on 
one occasion. Angelica was once heard to remark 
that she was “dying for Sir Joshua,” and at the 
end of her unfortunate marriage to another man, 
rumor had it that she and Reynolds would wed, 
but nothing came of it. 

In 1789 Sir Joshua was at the height of his fame, 
showing no signs of declining years in his pictures, 
no symptoms of an unsteady hand or a dim eye. 
He appeared to be as fresh as ever, able to enjoy 
the society of Sheridan and Burke, and to chat 
affably with other friends. Back in January, 1783, 
he had written in his journal of a “violent inflam- 
mation of my eyes which prevented me from 
writing,” but the difficulty, though acute, was 
evidently temporary, for the output of his paint- 
ings was not decreased. But on July 13, 1789, 
when he had nearly finished the portrait of Lady 
Beauchamp, he felt that his sight was failing. 
There was a suddenly perceived dimness in the 
left eye, something like the falling of a veil over it, 
something which could not be removed by rubbing 
or by medications. A few days earlier he had felt 
some uneasiness in the eye, but he made no com- 
plaint. But in ten weeks the sight of that eye 
was gone. ‘ 

Fearing similar disaster in the other eye, he 
determined to paint no more. He retained his 
usual spirits, continued to read some, liked to be 
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read to, and enjoyed his friends. He attended the 
Royal Academy with his usual regularity, wearing 
a green shade over the defective eye. On Decem- 
ber 10, 1790, 15 months after the time when his 
sight was first affected, he read his 15th and last 
discourse to the Academy, apparently without 
difficulty. It was at this meeting that a part of the 
floor gave way, but Sir Joshua did not move from 
his seat, and continued his discourse as soon as 
order was restored. 

Early in September, 1791, he was in such health 
and good spirits that on his return from Edmund 
Burke’s seat near Beaconsfield, he left his carriage 
at the inn at Hayes and walked five miles along 
the road on a warm day and made no mention of 
fatigue. Although over 68 years of age, he seemed 
like a man of 50. But later in that same month, 26 
months after the onset of the blurred left vision, 
Sir Joshua became much distressed by swelling 
and inflammation over the left eye. Mr. Cruik- 
shank, the surgeon, blistered him repeatedly, but 
the swelling and pain in that part remained with 
him until death. The pain made him afraid that 
the other eye would be soon affected, and he 
became much depressed and lost his appetite. 
Miss Burney found him sad and lonely. Boswell 
wrote: “My spirits have been still more sunk by 
seeing Sir Joshua Reynolds almost as low as 
myself. He has for more than two months past 
had a pain in his blind eye, the effect of which has 
been the occasion of a weakness in the other and 
he broods over the dismal apprehension of becom- 
ing quite blind.” 

Compelled to give up attending the Academy, 
he resigned the Presidency in November. During 
December and January it was evident to his 
friends that he was gradually sinking, although his 
doctors insisted that nothing serious was wrong. 
His strong constitution was unimpaired by ex- 
cesses and could battle well against whatever 
ailed him. He was submissive and accommodating 
to his physicians, but, even while he was gradually 
wasting, they said, “What can we do for a man 
who will do nothing for himself?”” They made no 
attempt to investigate the possibility of organic 
disease, although symptoms of liver disease must 
have been present. Dr. Blagdon, secretary of the 
Royal Society, who had studied physic in Edin- 
burgh, served in the Navy, and practiced for some 
time in America, was the only one to suggest 
organic disturbance. Meanwhile all that poor Sir 
Joshua could do was to pray for cessation of pain. 
He took to his bed in January, 1792. A consulta- 
tion was held at last, and it was decided that his 
illness was not imaginary, since his liver was 
enormously enlarged. Heberden and Carmichael 
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Smith were the consultants. The patient was plied 
with mercury in 18th century doses, but became 
despondent at the want of exertion and skill in his 
physicians. On February 23, 1792, in his 69th 
year, he died tranquilly with but little pain. 

The autopsy was made by John Hunter, who, 
with Sir George Baker and Mr. Home, had 
attended Reynolds in his last days. Hunter found 
no signs of disease in the chest except for a slight 
adhesion of the lungs to the surrounding mem- 
brane on the left side. In the abdominal cavity, 
the only diseased part was the liver, which was 
scirrhous, pale yellow in color, and weighed eleven 
pounds. The optic nerve of the left eye was 
atrophied and softened, but that of the right was 
unaffected. Increase of fluid was noted in the 
ventricles of the brain. 

He was buried in the ‘“‘Painters’ Corner” in St. 
Paul’s, and, though he had requested to be buried 
without much expense, the town had seldom seen 
a costlier funeral. The body lay in state in the 
model-room of the Royal Academy, and on 
February 29, the procession set out from Somerset 
House with its noble pallbearers (three dukes, 
two marquises, and five other noblemen). 

Though immortalized in Macmichael’s The 
Gold-Headed Cane, two of Reynold’s physicians, 
Warren and Baker, showed an apathy that exem- 
plifies the state of ophthalmic medicine prior to 
1800, when “‘oculists” were irregular practitioners 
without scientific training. It is a strange omis- - 
sion that no description of the disease of the globe 
was made in the postmortem. Hunter made the 
inexplicable statement that the optic nerve on the 
right was shrunken and soft, and he makes no ref- 
erence to the case at all in his writings. Hunter, 
by the way, refused to be a pallbearer at the 
funeral, since ceremonies made him irritable. 

An epitome of Sir Joshua’s medical history 
reads thus: 


At 12, had smallpox 

At 27, fall, injuring upper lip, with resultant scar 

At 29, hearing permanently impaired through severe 
cold while in Rome 

At 41, brief but severe illness of unknown nature— 
complete recovery 

At 50, slight “paralytic” attack—no visible impairment 

At 69, loss of vision in left eye—pain and swelling above 
eye (later attributed to extravasation of blood)—indi- 
gestion, loss of appetite, depression—enlarged liver— 
loss of weight—died February 23, 1792. 


In Reynolds’ case, there is no history of recent 
trauma, and the history of his eye disease suggest 
tumor of the choroid. He went through a period of 
slight discomfort followed by symptoms of pro- 
gressing retinal detachment and loss of vision. 
There followed a period of quiet until the slow- 
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growing tumor passed through the resistant 
sclera, with subsequent hemorrhage and perhaps 
tumor growth in the orbit. The pain was due to 
increased tension in the bulb with secondary glau- 
coma, frequent in tumor of the uveal tract. With 
renewed activity of the eye disease, metastasis 
occurred in the liver, the most frequent site in such 
cases. The appearance of extravasated blood sug- 
gests melanosis of the choroid, the early stages 
exhibiting simple obscuration, and the final stages, 
absolute glaucoma. The growing neoplasm burst 
through the sclera, the protruding mass being 
made up of castoff friable and clot-like particles. 

Though Cruikshank was Sir Joshua’s next-door 
neighbor, he was not consulted until rather late, 
and he reasonably assumed a simple hemorrhagic 
process and sought to promote absorption through 
the antiphlogistic effects of mercury. The leeches 
and blisters were applied to increase the action. 
When the tumor burst the globe, the abdominal 
distress became noticeable, but there was no 
physical examination made for three months. 

If the liver enlargement was caused by meta- 
static tumor, it must have been diffuse and exten- 
sive to have escaped Hunter. However, some 
metastases from choroidal tumors are grossly un- 
pigmented and rather yellowish, and, in cases of 
such secondary liver tumors, great enlargement of 
the organ may occur. Disease of the eye may, of 
course, have been independent of that of the liver, 
but it seems unlikely in view of the recrudescence 
of the eye trouble before the final illness. 

We must remember that the medical informa- 
tion then available was small. Knowledge of the 
microscopic structure of tumors was entirely lack- 
ing, and the relation of abnormal growth to nor- 


mal tissue was uncertain and speculative. Rey- 
nolds’ physicians cannot be held remiss for failing 
to consider tumor as a possible cause of blindness 
or not surmising the nature of the later disease of 
the liver, nor of suspecting any causal relation 
between the two. Malignant tumor of the liver, 
primary in the left eye, is the best explanation, no 
major details of the illness being incompatible 
with this diagnosis. 

Within a few hours of Sir Joshua’s death, 
Edmund Burke wrote an obituary in words of 
singular truth and elegance, extolling his friend’s 
qualities of character and genius, his ability to 
enter into all varieties of the human heart. Be- 
cause of his numerous experiments with colors, 
many of the painter’s portraits are now dim, but 
it is said that a faded Sir Joshua is better than 
fresh work by other hands. In painting his por- 
trait of Mrs. Siddons, Reynolds remarked that he 
could not lose the opportunity of going down to 
posterity on the hem of her garment, but it is also 
true that Mrs. Siddons bids fair to continue into 
posterity on the brush of Sir Joshua. 

One of Reynolds’ maxims was that the great 
principle of being happy in this world is, not to 
mind or be affected with small things. In spite of 
his deafness, blindness, and other ills, he lived a 
good life—a most lovable man, whom it must 
have been an honor to know. 
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HE beautiful volume The Life and Times of 
| Tagliacozzi' isa splendid achievement, and one 
of great credit both to the authors and publish- 
er. The interested reader will realize very quickly what 
painstaking and extensive study and investigation 
have been carried out over months and years in the 
effort to secure first-hand and authentic information 
concerning men almost forgotten, and events re- 
corded only in the dusty files of libraries long 
neglected and in the hand written records of religious 
orders and churches far off the beaten path of medi- 
cal progress. 

To bring back to life a man who lived and worked 
400 years ago and concerning whom very little has 
been recorded seems an almost insuperable task, and 
the reader may sometimes feel that the authors have 
drawn a little too freely upon imagination and 
grafted upon a very excellent and beautifully illus- 
trated portrayal of Bologna and its famous univer- 
sity in the sixteenth century an idealized portrait of 
the man for whom this volume is named. In attempt- 
ing a critical appraisal of men who achieved notable 
successes under great handicaps one can appreciate 
our indebtedness to them without necessarily accept- 
ing at face value the laudatory panegyrics of funeral 
orators or of discounting completely the criticisms of 
their contemporaries. 

Tagliacozzi was born in February 1545, and for 
this exact information we are indebted to the dis- 
covery by the authors in 1931 of the baptismal rec- 
ord of Gaspar filius Joannis Andreae Tagliacossa 
under date of March 2, 1545 in the archives of the 
Cathedral of San Pietro in Bologna. His father was 
a satin weaver and “probably belonged to the guild 
of the Filatoglieri or silk-weavers.”’ The next actual 
record of Tagliacozzi himself is a manuscript chron- 
icle of the city in the library of the University of 
Bologna translated by him from Latin in his 19th 
year. The authors suggest this may have been an 
exercise in preparation for his admission to the 
university. 

In his next year he entered upon the five years’ 
training in medicine. Three men whose names have 
come down to us were among his teachers—Car- 
dano, primarily a mathematician, but also a physi- 
cian, astronomer and astrologer, Aranzio, a surgeon 
and anatomist, and Aldrovandi, a professor of logic 
and philosophy and “a prodigious writer in natural 
history.” 

Medical education of the time consisted chiefly of 
lectures carried out with much formality. ‘It was 
customary to celebrate mass before students and 
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professors in the chapel of Santa Maria de’ Bulgari 
on every day in which there were either lessons or 
disputations. Students were called to classes at nine 
in the morning by the ringing of Ja scolara for half an 
hour. Meanwhile the professors had gathered in the 
large halls on either side of the chapel, those of arts 
and medicine on the left and those of law on the 
right, to await the hour of the lessons, when they 
were accompanied by the beadles to the lecture halls. 
Garbed in their full togas with wide sleeves and a 
mantle of ermine, they passed sedately up the broad 
stairway, preceded by the beadles carrying the tra- 
ditional silver maces over their shoulders and dressed 
in jackets and mantles of velvet and in black hose. 
No doubt then, as now, the students waiting in the 
classroom rose and stood in sign of respect while the 
beadle conducted the professor down the centre 
aisle to the raised lecture chair with its wide desk. 
The back of the chair reached high towards the ceil- 
ing, with a canopy extending out from its top. Over 
the chair was a frescoed image of the Blessed Virgin 
—replaced in modern schools by a silver crucifix—, 
in front of it the rows of benches and narrow table- 
boards of the students. Morning lectures ended at 
noon; afternoon lectures were from three to six, 
again announced by the ringing of la scolara. Each 
professor was required to give at least a hundred 
lessons throughout the year under penalty of fine for 
failure to do so.” 

“Holidays were frequent. It was provided that 
there should be a holiday on every Thursday when 
no festival recognized by the Studium occurred 
during the week. . . There was a vacation of todays at 
Christmas, a fortnight at Easter, 3 weeks at Carni- 
val, and 2 days at Whitsuntide. The long vacation 
began late in August or early in September. Lessons 
were also interrupted in honor of the arrival of 
Cardinal Legates, Popes and princes who visited or 
passed through Bologna in splendid procession. City 
holidays, religious festivals, horse races and jousts 
were all equally good pretexts for suspending the 
lectures.” 

One can imagine how dry and stilted these lectures 
must have been—studied repetitions of Galenic and 
Arabic pronouncements, “disputations,” arguments 
over trivial details and all carefully censored by the 
watchful eye of the church. Anatomical dissections 
were carried out from time to time but not until 
1570, due to the persistent efforts of Aranzio, was 
anatomy established as a course separate from sur- 
gery and a chair of anatomy established with a salary 
of 100 libbre (21 dollars) a year for the professor of 
anatomy. 

At 25 Tagliacozzi completed his studies for the 
degree in medicine. “ ... the first mention of his 
name in the Secret book of the college of medicine is in 
connection with his petition to be exempted from 
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certain fees because of poverty! An entry of August 
21, 1570 states that ‘A motion was made to approve 
the witnesses testifying concerning the poverty of 
Messer Gaspare Tagliacossi and was not carried.’ ” 
In spite of a rather lengthy explanation of the re- 
quired fees for graduation and Tagliacozzi’s reasons 
for asking to be graduated as a nonnative the reader 
is inclined to conclude that he was trying to be 
thrifty and qualify for the reduced rate granted to 
nonnatives and those in straitened circumstances. 

Six years after receiving the degree of doctor of 
medicine he received the degree of doctor of philoso- 
phy and was admitted to the Colleges of Medicine 
and Philosophy (the teaching faculty). In the mean- 
time he carried on his practice, he was listed for 
teaching in surgery and had been made second only 
to Aranzio in conducting public demonstrations in 
anatomy. The first record of a patient treated by 
Tagliacozzi includes the advice given by an associate 
and himself for the care of one Boschetti, a member 
of a distinguished family of Modena, who had been 
“deprived of the entire extension and flexion of the 
elbow of his left arm because of a fracture and dis- 
location.” After stating that it was unlikely that 
normal function could be restored but that improve- 
ment could be anticipated the consultants go on to 
“.. laud and recommend the entrails of sheep, in 
which the arm is to be held every day for an hour 
while the entrails are still warm and while the 
patient has not yet eaten anything. And after it is 
taken out of this, the arm is to be put in a hot bath 
for half an hour, which is to be prepared in this 
manner. Take 30 pounds of old lye, 6 handfuls each 
of mallow roots and wild-cucumber roots, together 
with half the split head of a sheep; cook this mixture 
until a third of the lye is consumed; into this put 
some bethony, wall-germander, camomil and sweet 
clover, 2 handfuls of each; bring this to a boil, and 
use it while still hot. Then wash the arm with warm 
wine and dry it with white cloths; anoint it with our 
unguent, prepared by us for the nerves. Let these 
remedies be followed for a month continuously, and 
if the desired improvement is not felt in this time, 
then the mud baths of Padua should be tried, and 
lastly, in order to strengthen the injured part, we 
consider very beneficial the fresh pulp of grape skins, 
which can be conveniently used at the proper season. 
This is what is necessary at present to bring about, 
insofar as possible, the recovery of this very illus- 
trious and never sufficiently praised Messer Count, 
Our Lord; may God Almighty be favorable to him. 
Angelo Michele Sacco, Bolognese physician, Gaspar 
Tagliacozzi, Bolognese physician.” 

Unfortunately there is no record of the result of 
the treatment but the advice given indicates the 
empiricism and faith in weird concoctions so preva- 
lent at that time. 

On another occasion, a few years later, a colleague 
of Tagliacozzi, a physician Beato, wrote to the 
Duchess of Mantua suggesting a change of physi- 
cians for Cardinal Gonzaga who had been under 
Tagliacozzi’s care, “My Most Serene and Honored 


Ladyship: Knowing how greatly Your Highness 
wishes well to Messer Bonifacio Granata, and justly 
so, I have determined to suggest an opportunity 
whereby you will perceive his worth and at the same 
time aid him, and this is to suggest him for the treat- 
ment of the Most Illustrious and Very Reverend 
Cardinal Gonzaga for that condition for which Tag- 
liacozzi has tried to treat His Most Illustrious Lord- 
ship, and you will see other results and of greater 
efficacy, please believe me. And with this, humbly 
kissing Your Highness’ hands, I heartily offer and 
commend my services to you. From Bologna this 
13th of July 1586. Your Most Serene Highness’ 
Most humble and obedient servant, Gabriel Beato.” 
Apparently Beato’s advice was not taken, but the 
letter indicates that not all of Tagliacozzi’s con- 
temporaries held him infallible. 

The account of Tagliacozzi’s business affairs, of 
his general practice, at times involving the treat- 
ment of wounded noblemen embroiled in the quar- 
rels so common among men of rival cities, of his trip 
to Vienna to care for the nephew of the Duke of 
Tuscany, wounded while fighting against the Turks, 
of his frequent visits to Mantua as consultant to 
Gonzaga, Duke of Mantua and Monferrato, indicates 
not only his success as a practitioner and the repu- 
tation he had attained, but mirrors vividly the life 
of his time, with its bickering, fighting, jockeying for 
place and position and for favor in the eyes of the 
influential and wealthy. 

The work for which Tagliacozzi is best known, of 
course, is his De curtorum chirurgia per insitionem— 
Surgery of the Mutilated by Grafting—and it is this 
carefully written treatise, illustrated by 22 pages of 
wood cuts, that constitutes his important contribu- 
tion to surgery. Although Tagliacozzi gives little 
credit to those who had preceded him the authors in 
a chapter entitled “Plastic Surgery to the Time of 
Tagliacozzi” give a comprehensive picture of the 
contribution of the East Indians (the Indian method 
of rhinoplasty) of the Sicilian Brancas, father and 
son, who preceded Tagliacozzi by almost 100 years, 
and of the Vianeos of Calabria in Southern Italy 
(approximately 1540-1580). In the following chap- 
ter they quote from the writing of a Polish physician 
Wojciech Oczko, who studied in Bologna and 
Montpellier. 

“‘Vesalius would have made (the nose) out of a 
muscle, having separated it slowly from the skin 
and cutting it in the form of a nose, but believe me, 
it is not an easy task. What Arnatius, professor of 
surgery, did in my days at Bologna from the skin on 
the arm was much less difficult. He did it in such a 
fashion that when it healed up together, and without 
much pain, the skin fitted the patient’s own nose, 
and so covered it, that without touching the muscle, 
the arm would be unharmed and a beautiful nose 
result from it. Wonderful indeed is this operation, 
but what a patient with patience it requires!” They 
go on to say, “If Tagliacozzi is to be chided for 
neglecting his predecessors, he must be censured not 
so much for his attitude towards Branca and the 
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Vianeo family as for the apparently grave injustice 
he seems to have done his friend and teacher when 
he failed to acknowledge Aranzio’s part in directing 
his interest towards the subject that became his life- 
work and brought him lasting fame.” If Oczko’s 
comments can be accepted as trustworthy one might 
go further and say ‘“‘Aranzio’s part is teaching him 
the operation upon which his fame was based.” 

The story of the publication of Tagliacozzi’s work, 
of the difficulties encountered in the legal printing of 
such a volume, of the formalities and red tape in- 
volved and of the quick pirating of the volume by 
others is a most interesting commentary upon the 
intellectual life of the sixteenth century and upon 
the obsequious deference to tradition, to those in 
positions of power and influence and to the dictates 
of the church. 

For an appraisal of Tagliacozzi’s influence upon 
his contemporaries and upon succeeding generations 
one should read the closing chapters of this volume. 
One cannot conclude this comment, however, with- 
out mentioning the appendix of 100 pages of original 
documents and commenting upon the splendid exam- 
ple of beautiful bookmaking which the publishers 
have produced. The appropriate and skillfully de- 
signed initial letters at the beginning of each chap- 
ter, the 54 full page half tones made from photo- 
graphs of the university, of the anatomical theater, 
of portraits and of original documents, the beautiful 
typography upon a very light cream colored paper, 
and appropriately printed and bound in Bologna, all 
combine to make this a work of art as well as one of 
significance in medical history. Sumner L. Kocu. 


st monograph of 1,378 pages by Jacob K. 
Berman Principles and Practice of Surgery is an 
attempt to correlate for the student the basic 
sciences with the fundamental principles of surgery. 
The book is composed of 5 major sections. 

Part 1 contains a very brief historical review and 
a chapter on laboratory examinations, as well as a 
pathologist’s classification of disease. 

Part 2, under the title of ‘““Local Response and 
General Body Reaction to Injury,” covers tissue re- 
pair, the reaction of tissues to bacteria, ulcer and 
gangrene, miscellaneous infections, tuberculosis, and 
syphilis. 

Part 3 discusses the general reaction to injury and 
includes a chapter on the human constitution and 
heredity, and 4 additional chapters on the inter- 
change of body fluids, acid-base balance, hemor- 
rhage, and shock. 

Part 4 is a relatively short chapter on tumors and 
cysts. 

Part 5, which constitutes approximately two- 
thirds of the text, discusses the diseases and injuries 
of specific organs and systems. 

The author is to be commended for his continuous 
efforts to describe surgical diseases in relation to the 

IPRINCIPLES AND PRACTICE OF SURGERY. By Jacob K. Ber- 


man, A.B., M.D., F.A.C.S. St. Louis: The C. V. Mosby Co., 
1950. 
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disturbances of body physiology and chemistry. 
The student who understands the contents of the 
book will be well versed in the fundamental basic 
science foundation for clinical surgery. The prac- 
ticing surgeon, however, will find little to assist him 
in the technique of surgery. Illustrations are not 
particularly abundant or well chosen, and the illus- 
trations of surgical technique for specific operations 
are for the most part diagrammatic and of relatively 
unusual and specialized operative procedures rather 
than of common surgical problems. 
EDWARD W. GrsBs. 


Te textbook on Eye Surgery,? now appearing in 
its second edition, is one of the most important 
ever issued in the English language. As in the major- 
ity of similar publications the author makes no pre- 
tense of including every known surgical procedure but 
has limited the scope to those operative methods and 
techniques which in his hands have proved most 
useful. While there is naturally due attention to the 
various ingenious instruments and techniques de- 
vised and previously described by the author this 
has not prevented the inclusion of practically every 
other operative procedure widely recognized as 
being of value in ocular surgery. 

While the chapter on plastic surgery has been con- 
densed it still remains one of the most valuable and 
complete to be found in any general textbook on eye 
surgery. New material has been added on corneal 
surgery, the surgery of glaucoma, scleral resection, 
the use of integrated implants in enucleations, radia- 
tion of malignant intraocular tumors, and other 
recent developments, all of which serve to make this 
book strictly up-to-date in its material and concepts. 

Throughout the work descriptions are lucid, con- 
cise yet sufficiently detailed, and where necessary 
explained by photographs or drawings, many of 
which are made by the author rather than a pro- 
fessional artist. Over 200 new illustrations have 
been added in this edition, which add considerably 
to its value. This book should have an important 
place in the library of every ophthalmic surgeon as 
well as any general surgeon who may have occasion 
to perform emergency or plastic operative procedures 
on the region of the eye. Wititiam A. Mann. 


HE 416 page monograph on Thromboembolic 
Conditions and Their Treatment with Anticoagu- 
lants* contains a very thorough review of the litera- 
ture concerning the occurrence, mechanism, and the 
use of the various anticoagulants in the treatment 
of thromboembolic conditions. The technique of 
administration of heparin and dicumarol are very 
carefully described with a complete outline of the 
tests necessary safely to control the case. The limita- 
tions and abuses of these drugs are well documented. 
2Eve Surcery. By H. B. Stallard, M.B.E., M.D. (Cantab.), 
F.R.C.S. (Eng.). 2d rev. ed. Baltimore: The Williams & Wil- 
kins Co., 1950. 
3THROMBOEMBOLIC CONDITIONS AND'THEIR TREATMENT WITH 
ANTICOAGULANTS. By Charles D. Marple, M.D., and Irving S. 
Wright, M.D. Springfield, Ill.: Charles C ‘Thomas, 1950. 








124 SURGERY, GYNECOLOGY AND OBSTETRICS 


In addition to a review of the literature which is 
done in a critical manner, the authors have drawn 
on their own clinical experience to report on the 
various phases of these problems. An extensive 
bibliography covering 684 references to the literature 
is included. Twenty-seven illustrations, chiefly 
graphic in nature, serve to illustrate the various 
phases of the problem. An adequate index has been 
added. 

This monograph is a compact review of the present 
status of this problem from the medical standpoint. 
It should find considerable use by the doctor be- 
coming acquainted with these conditions for the first 
time and should be as well a reference source for 
those particularly interested in this field. 

Tuomas C. Dovuctass. 


HE second edition of Caffey’s Pediatric X-ray 

Diagnosis! is a partially revised and improved 
volume over his previous excellent first edition. 
Entirely new subjects and recent advances in 
pediatrics such as meconium peritonitis and ileus, 
newer aspects of Hirschsprung’s disease, infantile 
cortical hyperostosis, vitamin A poisoning, pro- 
gressive diaphyseal dysplasia, prenatal depression 
and bowing, atriovenous fistula, anomalies of the 
aortic arch and others bring the book up-to-date. 
Additions to the discussion on hypertrophic pyloric 
stenosis, congenital anomalies of the gastrointestinal 
tract, infantile subdural hematoma, primary pul- 
monary tuberculosis, hydrometrocolpos, and disease 
of bones and joints also add greatly to the interest 
of the reader. 

A welcome addition is the increased use of photo- 
graphs of patients which correlate the clinical picture 
with the roentgen findings. As in the previous edi- 
tion the very important discussion of the normal 
structure and their normal variants have not been 
altered and in a few instances enlarged upon. The 
book is well printed with excellent and profuse 
illustrations and is recommended for the pediatrician 
as well as the radiologist. Harvey Wuirte. 


HE little volume Newer Concepts of Inflamma- 
tion? is a well reasoned and clearly written 
summary of the author’s many contributions to our 
knowledge of the inflammatory process. Between 
the two covers of this book are explained such topics 
as the fibrin barrier, the actions of leucotaxine, 
necrosin, pyrexin and the factors producing leuco- 
cytosis and leucopenia. It is an interesting exposition 
of the author’s attempts to isolate and study’ the 
biochemical substances which are present in in- 
flammatory exudates and to show how they may ex- 
plain the pathological and clinical manifestations of 
acute inflammation. I found the reading of it a 
stimulating experience. Wittram B. WarrMan. 
1PEDIATRIC X-RAY DIAGNOSIS; A TEXTBOOK FOR STUDENTS 
AND PRACTITIONERS OF PEDIATRICS, SURGERY, AND RADIOLOGY. 
By John Caffey, A.B., M.D. 2d ed. Chicago: The Year Book 
Publishers, Inc., 1950. 


2NEWER CONCEPTS OF INFLAMMATION. By Valy Menkin, 
M.A., M.D. Springfield, Ill.: Charles C Thomas, 1950. 


HE monograph, Degenerazione e rigenerazione 

dei tronchi nervosi nell’uomo’, dealing with some 
of the basic problems of the regeneration of the 
peripheral nerves after injury in man, is based upon 
the author’s experience with approximately 100 am- 
putated extremities, 120 intraneural injuries with 
scar formation, and 3 cases of homogenous grafts. 
His review includes a historical account of the views 
of Waller, Bernard, and other early physiologists 
with neurological interests, as well as some funda- 
mental concepts of neural anatomy and physiology 
acquired from studies upon dogs. With a few minor 
modifications, the author’s method of tissue fixation 
and preparation for the microscope is that of stand- 
ard silver impregnation technique. 

The book is divided into 4 main parts: an account 
of the anatomical and physiological characteristics 
of the various parts of peripheral nerves; general 
histologic manifestations of the regenerating periph- 
eral nerves; the particular regenerative activity of 
the radial, median, ulnar, common sciatic, tibial and 
peroneal nerves; and a general summary of the 
mechanism of peripheral nerve regeneration, to- 
gether with a discussion of the question of early and 
late surgical repair of the injured nerve. In con- 
sideration of the latter point, the author believes 
that if there is not clinical proof of complete section 
of the nerve, proper time should be allowed to de- 
termine to what degree spontaneous recovery will 
take place, but that for the purposes of most com- 
plete regeneration end-to-end suture or neurolysis 
should be done at the earliest possible date after in- 
jury. Grafts should, if possible, be taken from some 
part of the patient himself, since a graft taken from 
another patient appears to be rapidly transformed 
into connective tissue, perhaps partially, at least, on 
the basis of incompatibility of blood grouping. 

The volume is well printed, well organized, and 
augmented by many excellent illustrations. The 
references to the literature are numerous, with par- 
ticular use of those reports having to do with histo- 
physiologic matters. Even so, several well known 
and recent workers and their opinions have not been 
mentioned. Joun Martin. 


T has been 20 years since Dr. Adler’s Clinical 
Physiology of the Eye was published. The present 
volume? is not a revision, but a completely new book 
and brings up-to-date the marked progress made in 
this field of medicine. In ophthalmology as well as 
in clinical medicine the application of physiologic 
principles has paid rich rewards. 

The book is comprised of 12 chapters and covers 
the field from the physiology of the lid movements 
to the development of binocular vision. The chap- 
ters on the aqueous humor and the lens were written 


3DEGENERAZIONE E RIGENERAZIONE DEI TRONCHI NERVOSI 
NELL’uoMO. (Degeneration and Regeneration of Nerve Trunks 
in Man). By Prof. Silvano Leghissa. Bologna: Edizioni Scien- 
tifiche Instituto Rizzoli, 1950. 

4PHYSIOLOGY OF THE EYE; CLINICAL APPLICATION. By Fran- 
cis Heed Adler, M.A., M.D., F.A.C.S. St. Louis: The C. V. 
Mosby Co., 1950. 
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with the help of Dr. V. Everett Kinsey. The con- 
troversial subject of the dynamics of aqueous humor 
formation is presented in a most clear and concise 
manner. Chapter 10, dealing with ocular mobility, 
reveals the author’s great personal interest in this 
difficult and debated field. It embodies his own con- 
tributions, as well as those of his contemporaries, 
and leaves the reader with nothing but admiration 
for its simplicity of presentation. 


REVIEWS OF 
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This textbook should be read and reread by all 


. students of ophthalmology. The busy practitioner 


will also benefit by reading it, since the clinical ap- 
plication of physiologic principles is the essence of 
its value. There are few books in the medical liter- 
ature that present the subject material in such a 
lucid manner. This book is a reflection of the 
clear thinking of a great teacher. 

P. Ross McDONALD. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgement must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 


A Text-Boox oF X-Ray Driacnosis. By British Authors 
in Four Volumes. Edited by S. Cochrane Shanks, M.D., 
F.R.C.P., F.F.R., and Peter Kerley, M.D., F.R.C.P., 
F.F.R., D.M.R.E. Vol. 1, 2d ed. Philadelphia, London: 
W. B. Saunders Co., 1951. 

CurnicaL HEART DisEAsE. By Samuel A. Levine, M.D., 
F.A.C.P. 4th ed. Philadelphia, London: W. B. Saunders 
Co., 1951. 

Drie CYCLUSHORMONE DES WEIBES; BIOLOGIE—CHEMIE 
—Kuinix. By Dr. med. Herbert Lewin and Dr. med. 
Werner Spiegelhoff. Stuttgart: Ferdinand Enke, 1951. 

Rice, DIETARY CONTROLS, AND BLOOD PRESSURE WITH 
MENus AND ReciPEs. By Frances I. Seymour, M.D. 
New York: Froben Press, Inc., 1951. 

THE KmNey; MEDICAL AND SURGICAL DISEASES. By 
Arthur C. Allen, M.D. New York: Grune & Stratton, 1951. 

SPEZIELLE PATHOLOGIE DER KRANKHEITEN DES ZENTRA- 
LEN UND PERIPHEREN NERVENSYSTEMS. By Dr. Gerd 
Peters. Stuttgart: Georg Thieme, 1951. 

A TEXTBOOK OF MEDICINE. Edited by Russell L. Cecil, 
Robert F. Loeb, M.D., Associate Editors, Alexander H. 
Gutman, Walsh McDermott, M.D., and Harold G. Wolff, 
M.D. Philadelphia, London: W. B. Saunders Co., 1951. 

SYLLABUS OF HuMAN Neoptasms. By R. M. Mulligan, 
M.D. Philadelphia: Lea & Febiger, 1951. 

Pusiic HEALTH AREAS AND Hospital FACILITIES; A 
PLAN FOR CoorDINATION. Washington: U. S. Government 
Printing Office, 1950. 

VETERANS ADMINISTRATION ‘TECHNICAL BULLETINS 
SERIES 10, Volume IV, 1950. Washington: U. S. Govern- 
ment Printing Office, 1951. 





CHLOROFORM; A STUDY AFTER 100 YEARS. Edited by 
Ralph M. Waters. Madison, Wis.: The University of Wis- 
consin Press, 1951. 

Post-GRADUATE LECTURES ON ORTHOPEDIC DIAGNOSIS 
AND INpIcATIONS. By Arthur Steindler, M.D., F.A.C.S. 
Springfield, Ill.: Charles C Thomas, 1951. 

THE AMERICAN ILLUSTRATED MEDICAL DICTIONARY. 
By W. A. Newman Dorland, A.M., M.D., F.A.C.S. 22d 
ed. Philadelphia, London: W. B. Saunders Co., 1951. 

HANDBOOK OF NUTRITION; A SYMPOSIUM PREPARED 
UNDER THE AUSPICES OF THE CG@UNCIL ON Foops AND 
NUTRITION OF THE AMERICAN MEDICAL ASSOCIATION. 
2d ed. New York, Philadelphia, Toronto: The Blakiston 
Co., 1951. 

LUMBAR PUNCTURE AND SPINAL ANALGESIA. By R. R. 
Macintosh, M.A., D.M., F.R.C.S. (Edin.), D.A. Balti- 
more: The Williams & Wilkins Co., 1951. 

A History OF NEUROLOGICAL SURGERY. Edited by A. 
Earl Walker, M.D. Baltimore: The Williams & Wilkins 
Co., 1951. 

ANNUAL REvIEW OF MEDICINE. By Windsor C. Cutting, 
Editor, and Henry W. Newman, Associate Editor. Vol. 
2. Stanford, Calif.: Annual Reviews, Inc., 1951. 

PHYSIOTHERAPY IN OBSTETRICS AND GYNAECOLOGY. By 
Helen Heardman, M.C.S.P. With forewords by W. C. W. 
Nixon, M.D., and Veronica Shand, S.R.N., S.C.M., M.T.D. 
Edinburgh: E. & S. Livingstone Ltd., 1951. 

THE HuMAN COLON; AN EXPERIMENTAL Stupy BASED 
ON DrirEcT OBSERVATION OF Four FistuLous SuBJECTs. 
By William J. Grace, M.D., Stewart Wolf, M.D., and Har- 
old G. Wolff, M.D. New York: Paul B. Hoeber, Inc., 
Medical Book Department of Harper & Brothers, 1951. 

ROENTGEN MANIFESTATIONS OF PANCREATIC DISEASE. 
By Maxwell Herbert Poppel, M.D., F.A.C.R. Springfield, 
Ill.: Charles C Thomas, 1951. 

LA PHILOSOPHIE DE LA CHIRURGIE. 
Paris: Flammarion, 1951. 
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COLLEGE OF SURGEONS 


HENRY W. CAVE, New York, President 
ALTON OCHSNER, New Orleans, President-Elect 


PRELIMINARY PROGRAM FOR THE 37TH CLINICAL 
CONGRESS—CIVIC AUDITORIUM, SAN FRANCISCO 
NOVEMBER 5 TO 9, 1951 


HE surgeons of San Francisco and East 
Bay communities are developing an ex- 
tensive and varied program of operative 
clinics and demonstrations in 26 hos- 
pitals in the area as part of the program for the 
thirty-seventh Clinical Congress of the American 
College of Surgeons which will be held in San 
Francisco November 5 to 9. Surgical procedures 
at one of the hospitals will be televised and shown 
in color at the Civic Auditorium. The color tele- 
vision will again be sponsored by Smith, Kline & 
French Laboratories, Inc., of Philadelphia. 

San Francisco was host city to the Clinical 
Congress once before—in 1935. The only other 
time that this large medical meeting was held on 
the West Coast was in 1948 in Los Angeles. The 
keen interest in having the 1951 Congress in the 
West is shown particularly in the preparations 
for the cine clinics, which will again be sponsored 
as in Boston by Davis & Geck, Inc. Surgeons from 
Texas to British Columbia are participating in the 
filming of surgical procedures to be shown at the 
San Francisco meeting. The advisory committee 
on programs has selected the subjects and the 
Committee on Medical Motion Pictures of the 
College is correlating the filming. 


COMMITTEE ON ARRANGEMENTS 


The San Francisco Committee on General Ar- 
rangements for the Clinical Congress is composed 
of the following Fellows: 


*Emite Horman, Chairman 

*Tuomas F. MULLEN, Vice-Chairman 

*FRANK GERBODE, Secretary 

*Howarp C. NAFFZIGER, Member, Board of Regents 


ALSON R. KILGORE 
CARLETON MATHEWSON, JR. 
ALICE F. MAXWELL 


H. GLENN BELL 
Freperic C. Bost 
EDMUND BUTLER 
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LorEN R. CHANDLER 
Joun W. CLINE 
Roy B. Coun 
WHITFIELD CRANE 
ALBERT D. Davis 
LEON GOLDMAN 
*Bert L. HALTER 
Davin O. HARRINGTON 
FRANKLIN I. Harris 
LEONARD D. HEATON 
*ARTHUR J. HUNNICUTT 
*Executive Committee 


HOSPITALS AND HOSPITAL REPRESENTATIVES 
The hospitals which will arrange clinics for the 


1951 Clinical Congress, and the names of the hos- 
pital representatives, follow: 


T. Eric REYNOLDS 
DEXTER N. RICHARDS 
WIti1aM L. ROGERS 
Pau C. SAMSON 
Rosert A. SCARBOROUGH 
Henry H. SEARLS 
HERBERT F.. TRAUT 
WILLiAM W. WASHBURN 
Henry M. WEYRAUCH 
Joun H. WootsEy 


San Francisco 

Children’s Hospital—RutH FLEMING 

Franklin Hospital—FREDERICK S. FOOTE 

French Hospital—ALBert C. DANIELS 

Letterman General Hospital—WatrTerR H. Matuska 

Mary’s Help Hospital—EverEtT CARLSON 

Mount Zion Hospital—SanForp E. LEEDS 

St. Francis Hospital—GrraLp Brown O’ConNoR 

St. Joseph’s Hospital—Joun J. Bazzano 

St. Luke’s Hospital—G. DANIEL DELPRAT 

St. Mary’s Hospital—Epmunp J. Morrissey 

San Francisco Hospital—CLayton G. Lyon 

— Hospital for Crippled Children—FReperic C. 
OST 

Southern Pacific General Hospital—Cotin C. McRaE 

Stanford University Hospital—GuNnTHER W. NAGEL 

University of California Hospital—Horace J. McCorkLe 

Veterans Administration Hospital—HeEnry L. SILVANI 


East Bay 


Alta Bates Hospital, Berkeley—Matcotm B. HappDEN 

Children’s Hospital of The East Bay, Oakland—DeExtTER 
N. RicHarps, JR. 

Herrick Memorial Hospital, Berkeley—R. BRucE HENLEY 

Highland—Alameda County Hospital, Oakland—Harry 
E. PETERS, JR. 

— Merritt Hospital, Oakland—Grosvenor_ T. 
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Peralta Hospital, Oakland—Epwin G. CLAUSEN 

Permanente Foundation Hospital, Oakland—Avcust L. 
BARITELL 

Providence Hospital, Oakland—Witson Footer 

U. S. Naval Hospital, Oak Knoll, Oakland—Capraw J. 
M. C. Gorpon, M.C., Commanding Officer 

Veterans Administration Hospital, Oakland—Tuomas O. 
LAKE 


OFFICIAL MEETINGS 


A meeting of the Governors of the College will 
begin with luncheon on Monday, November 5, 
and continue in the afternoon. There will be ad- 
journed meetings of the Board of Governors on 
Wednesday and on Thursday afternoon. 

President Henry W. Cave of New York will 
deliver the Presidential Address at the Monday 
evening meeting at the Civic Auditorium. At 
the same session Dr. Alton Ochsner of New 
Orleans will be installed as President for the year 
1951-1952, Dr. Thomas H. Lanman of Boston as 
First Vice President, and Dr. Joel W. Baker of 
Seattle as Second Vice President. The Sixth 
Martin Memorial Lecture, to be presented by 
Dr. Paul B. Magnuson of Washington, D.C., 
will be the closing address on this program. 

The annual Convocation will be held at the 
Civic Auditorium on the final evening, Friday, 
November 9, when fellowships will be conferred 
upon the Initiates of 1951 and recipients of the 
Honorary Fellowship. The program will conclude 
with the presentation of the Fellowship Address 
by Dr. J. Roscoe Miller, President, Northwest- 
ern University, Evanston, Illinois. 

The annual meeting of Fellows of the College 
will be held on Thursday afternoon, November 8. 


EVENING SCIENTIFIC SESSIONS 


Surgeons and specialists, recognized as authori- 
ties in their fields, will address scientific sessions 
to be held on Tuesday, Wednesday, and Thurs- 
day evenings. Three concurrent sessions will be 
held each evening for general surgeons, ophthal- 
mologists, and otorhinolaryngologists. 


PANEL DISCUSSIONS AND SYMPOSIA 


General Surgery panel discussions will be held 
Monday through Thursday afternoons. For oto- 
laryngologists, there will be discussion sessions 
on the afternoons of Tuesday, Wednesday, and 
Thursday, and for ophthalmologists, there will 
also be three afternoon sessions, two of which will 
be color-television operative clinics. Friday after- 
noon will be devoted to concurrent panel discus- 
sion sessions for six special fields of surgery: 
orthopedic surgery, obstetrics and gynecology, 
urology, neurological surgery, thoracic surgery, 
and plastic surgery. In addition to two obstetrics- 








AMERICAN COLLEGE OF SURGEONS 127 


gynecology panel discussions on Friday afternoon, 
the Congress program this year will have three 
other sessions devoted to subjects in the field of 
obstetrics and gynecology. 

Symposia on cancer, on trauma, and on grad- 
uate training in surgery are scheduled for pres- 
entation. 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 


The Forum on Fundamental Surgical Problems 
will again be featured in ten sessions in which 
there will be presented brief reports of original 
clinical and experimental observations relating to 
the broad aspects of general surgery and the sur- 
gical specialties. A large number of abstracts 
have already been received from which selection 
for presentation will be made by the Committee, 
of which Dr. Owen H. Wangensteen of Minneap- 
olis is the chairman. As a result of the large de- 
mand for the volume “Surgical Forum” published 
by W. B. Saunders Company, which contained 
106 papers in full and 58 others in abstract form, 
all of which were presented at the 1950 Clinical 
Congress, it is planned to publish the 1951 Forum 
papers in a similar volume. 


MEDICAL MOTION PICTURE PROGRAM 


The Committee on Medical Motion Pictures is 
now choosing films on general surgery and the 
surgical specialties which are to be shown in San 
Francisco. Films which have been recently pro- 
duced should be forwarded to the College for im- 
mediate review as it is the policy to include in 
the Clinical Congress program only those films 
which were submitted in time to obtain approval 
by the Committee. 


HOSPITAL CONFERENCES 


The thirtieth Hospital Standardization Con- 
ference will convene during the first four days of 
the Clinical Congress. Hospital administrators, 
trustees, members of medical staffs, nurses, tech- 
nicians, dietitians, and heads of the various hos- 
pital departments and their personnel are invited 
to participate in the discussions at the conferences 
which will be directed by leading authorities in 
the hospital field. There will be four morning, 
four afternoon, and three evening sessions. 


ADVANCE REGISTRATION 


Surgeons who wish to attend the Clinical Con- 
gress should register in advance. This will greatly 
expedite the procedure of registering. No regis- 
tration fee will be charged Fellows whose dues 
are paid to December 31, 1950. For endorsed 
candidates, the fee will be $5.00. Non-Fellows 
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who after individual consideration are permitted 
to register, will pay a fee of $10.00. No registra- 
tion fee will be required of Initiates of the class 
of 1951. Official registration blanks, transporta- 
tion information, hotel reservation forms, and 
other details have been sent to all Fellows. 


HOTEL RESERVATIONS 


It is desirable that hotel reservations be made 
as early as possible, and for this purpose the 
official reservation form should be completed 
and returned to the 


San Francisco Convention Bureau 
61 Grove Street, San Francisco 2, California 


Ample first-class hotel accommodations have been 
assured so that registrants for the Congress need 
not fear the limitations of former years. It is im- 
portant in any communication about hotel reser- 
vations that reference be made to the Clinical 
Congress of the American College of Surgeons. 
All communications relative to housing should be 
directed to the San Francisco Convention Bureau 
and not to the hotels. 


POST-CONVENTION TOUR 


For Fellows who are planning to attend the 
Pan Pacific Surgical Conference, or who would 
like to have a vacation in Hawaii following the 
Clinical Congress, the College has arranged with 
Mr. R. R. Rickson, travel agent for the Matson 
Steamship Lines, to offer the following convention 
tours: 


Convention Tour No. 1—27 days—round trip by steamer 
LURLINE leaving Los Angeles Harbor November 14th, 
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and returning to Los Angeles December 11th. All expense 
includes round trip steamer space, room with private 
shower. U. S. transportation tax, Royal Hawaiian Hotel 
on Beach at Waikiki (American plan) ........... $745.55 


Convention Tour No. 2—14 days—Outward by Strata- 
cruiser from San Francisco November roth, return by 
steamer LURLINE, November roth, arriving San Fran- 
cisco, November 24th. All expense includes seat in plane 
outward, room with private shower on steamer, U. S. 
transportation tax, Royal Hawaiian Hotel (American 
plan) $593.35 


More detailed information may be found on the 
Transportation Information Form enclosed with 
the letter to Fellows, and inquiries concerning 
reservations may be addressed to Mr. R. R. 
Rickson, 179 West Jackson Boulevard, Chicago, 
Illinois. 


EXHIBITS 


The scientific exhibits were so successful in 
Boston that the College is formulating plans to 
repeat them at the San Francisco Congress and 
applications are now being accepted by the Com- 
mittee on Scientific Exhibits, 40 East Erie Street, 
Chicago 11. 

Both scientific and technical exhibits will be 
housed in the Civic Auditorium. There will be 
the usual extensive display of surgical and hos- 
pital supplies and equipment by manufacturers 
and distributors. Included in the exhibit will be 
displays of new medical books and journals by 
leading publishers. Besides housing the exhibits, 
the Civic Auditorium will be used for the color 
television, cine clinics, medical motion picture 
showings, scientific sessions, and hospital con- 
ferences, and for registration of both the surgeons 
and the hospital personnel. 





